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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an aligner in 
which an illumination optical system can be adjusted 
accurately in a short time. 
SOLUTION: A reticle R is irradiated with an 
exposing light IL from an exposing light source 1 
through an illumination optical system ILS 
comprising a first fly eye lens 6, a second fly eye 
lens 9, lens systems 12, 13 blinds 14A, 14B, and 
condenser lens systems 17, 18 and the pattern 
image of the reticle R is projected onto a wafer W 
through a projection optical system PL. Specific 
illumination characteristics are measured using an 
evaluation mark plate 33 on a reticle stage 31, and a 
spatial image measuring system 46 provided on a 
wafer state 39 and then the state of the second fly 
eye lens 9 and the lens systems 12, 13 is adjusted 
through drive units 23, 24 and 25 based on the 
measurements. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the aligner which is equipped with the illumination system which illuminates the 1st body with 
an exposure beam, and exposes the 2nd body through said 1 st body with said exposure beam in order to be 
arranged in said illumination system, for said two or more lighting conditions to resemble the lighting 
condition switch system which switches the lighting conditions of said exposure beam to any of two or more 
lighting conditions they are, respectively, to respond and to control the predetermined lighting property of 
said illumination system The aligner characterized by preparing the adjustment system which adjusts the 
condition of the predetermined optical member in said illumination system. 

[Claim 2] Said lighting property is an aligner of the illuminance unevenness of said exposure beam, and the 
amount of collapse of the tele cent rucksack nature of said exposure beam according to claim 1 which comes 
out on the other hand at least, and is characterized by a certain thing. 

[Claim 3] Said lighting property is an aligner according to claim 2 characterized by being the inclination 
component and scale-factor component of the amount of collapse of said exposure beam at the inclination 
component of the illuminance unevenness of said exposure beam and a concavo-convex component, and a 
list. [ of tele cent rucksack nature ] 

[Claim 4] Claims 1 and 2 characterized by having the property measurement system which measures said 
lighting property of said illumination system, and the operation control system memorized in quest of the 
relation between the amount of drives of said adjustment system, and the variation of said lighting property 
based on the measurement result of this property measurement system, or an aligner given in 3. 
[Claim 5] The aligner characterized by to prepare the property measurement system which measures the 
predetermined lighting property of said illumination system, and the adjustment system which adjusts the 
condition of the predetermined optical member in said illumination system according to the measurement 
result of this property measurement system in the aligner which is equipped with the illumination system 
which illuminates the 1st body with an exposure beam, and exposes the 2nd body through said 1st body with 
said exposure beam. 

[Claim 6] It is an aligner given in any 1 term of claims 1-5 which said illumination system has an optical 
integrator and are characterized by said adjustment system adjusting the location of the direction of an 
optical axis of said optical integrator. 

[Claim 7] Said illumination system said exposure beam which passed said optical integrator The irradiated 
plane of said 1st body, It has further the 1st optical system led to this and a field [****], and the 2nd optical 
system. Or said adjustment system The aligner according to claim 6 characterized by adjusting the location 
and tilt angle of a direction perpendicular to the optical axis of said 2nd optical system at the location of the 
direction of an optical axis of said optical integrator, the location of the direction of an optical axis of said 
1 st optical system, and a list. 

[Claim 8] An optical element for said illumination system to set the illumination distribution of said 
exposure beam as the local field for deformation lighting, It has the condensing optical system which draws 
the exposure beam from this optical element, and an optical integrator for equalizing the illuminance 
distribution of the exposure beam from this condensing optical system. Said adjustment system An aligner 
given in any 1 term of claims 1-7 characterized by adjusting the condition of the optical member which 
constitutes said condensing optical system. 

[Claim 9] Said illumination system is an aligner according to claim 8 characterized by adjusting the 
condition of said beam shaping optical system by said adjustment system so that it may have the beam 
shaping optical system which fabricates the exposure beam from the exposure light source, and is led to said 
optical element and the magnitude of the illuminance of said exposure beam and the magnitude of 
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dispersion in the illuminance distribution of said exposure beam can be balanced. 

[Claim 10] The aligner characterized by dividing the amount of collapse of the tele cent rucksack nature of 
said exposure beam in said illumination system into an inclination component and a scale-factor component, 
and measuring it in the aligner which is equipped with the illumination system which illuminates the 1 st 
body with an exposure beam, and exposes the 2nd body through said 1st body with said exposure beam. 
[Claim 1 1] The aligner according to claim 10 characterized by dividing the illuminance unevenness of said 
exposure beam by said illumination system into an inclination component and a concavo-convex 
component, and measuring it. 

[Claim 12] the [ in which said 1st body is laid ] — the [ in which 1 movable object and said 2nd body are 
laid ] — 2 movable objects — having — the [ said / the 1st and ] — an aligner given in any 1 term of claims 1- 
1 1 characterized by having further the drive system which carries out the synchronous drive of the 2 
movable objects, and carrying out scan exposure of said 2nd body with said exposure beam through said 1st 
body. 

[Claim 13] The aligner according to claim 12 characterized by measuring the inclination component of the 
illuminance unevenness about the non-scanning direction which intersects perpendicularly with the scanning 
direction where said exposure beam is detected on the predetermined side where said 2nd body is arranged, 
and said 1 st and 2nd bodies are moved in the exposure field of said exposure beam at the time of said scan 
exposure. 

[Claim 14] The aligner according to claim 13 characterized by determining the concavo-convex component 
of said illuminance unevenness, and the inclination component about said non-scanning direction based on 
the cumulative size distribution about said non-scanning direction which integrates an illuminance or the 
quantity of light and is acquired about said scanning direction in the exposure field of said exposure beam. 
[Claim 15] the [ said ] — claims 12 and 13 characterized by detecting the exposure beam irradiated by the 
mark prepared on 1 movable object in addition to said 1st body, and measuring the amount of collapse, or an 
aligner given in 14. 

[Claim 16] In the adjustment approach of the aligner which irradiates the exposure beam which passes along 
an illumination system at the 1 st body, and exposes the 2nd body with said exposure beam through said 1 st 
body While measuring the lighting property which detects said exposure beam on the predetermined side 
where said 2nd body is arranged, and contains at least one side of the telecentricity of said illumination 
system, and distribution of the illuminance in the exposure field of said exposure beam, or the quantity of 
light The adjustment approach of the aligner characterized by driving said optical member based on said 
updated lighting property while updating said measured lighting property by count until it drives the optical 
member within said illumination system based on said measured lighting property and measures said 
lighting property next. 

[Claim 17] the [ in which said 1st body is laid ] — the [ in which 1 movable object and said 2nd body are 
laid ] — 2 movable objects — a synchronous drive — carrying out — said 1st body — minding — said exposure 
beam — said 2nd body - scan exposure — carrying out — the [ said ] — the adjustment approach of the 
aligner according to claim 16 characterized by to measure said lighting property using the mark prepared in 
addition to said 1st body on 1 movable object. 

[Claim 1 8] The adjustment approach of the aligner according to claim 1 7 characterized by measuring the 
inclination component of the illuminance unevenness about the non-scanning direction which intersects 
perpendicularly with the scanning direction where said exposure beam is detected on the predetermined side 
where said 2nd body is arranged, and said 1st and 2nd bodies are moved in the exposure field of said 
exposure beam at the time of said scan exposure. 

[Claim 19] In the adjustment approach of the aligner which is equipped with the illumination system which 
illuminates the 1st body with an exposure beam, and exposes the 2nd body through said 1st body with said 
exposure beam Set the condition of the predetermined optical member in said illumination system as two or 
more conditions, and the predetermined lighting property of said illumination system is measured, 
respectively. The adjustment approach of the aligner characterized by driving said optical member in order 
to memorize in quest of the relation between the amount of drives of said optical member, and the variation 
of said lighting property and to control said lighting property based on the memorized this relation based on 
this measurement result. 

[Claim 20] the adjustment approach of the aligner according to claim 19 characterized by to set it as the 
optimal location to the lighting conditions after switching the location of said optical member when the 
switch of the lighting conditions of said illumination system enables they to be [ any of two or more lighting 
conditions ], and two or more of said lighting conditions are alike, respectively, it receives, it memorizes in 
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quest of the optimal location of said optical member and the lighting conditions of said illumination system 
are switched. 

[Claim 21] The device manufacture approach including the process which imprints a device pattern on a 
work piece using the aligner of a publication in any 1 term of claims 1-15. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the aligner equipped with the function to adjust especially 
an illumination system automatically, about the aligner used in order to imprint a mask pattern on a substrate 
through projection optics at the lithography process for manufacturing a semiconductor device, a liquid 
crystal display component, a plasma display component, or the thin film magnetic head, and the adjustment 
approach of this aligner. 
[0002] 

[Description of the Prior Art] Since it corresponds to improvement the degree of integration of a 
semiconductor device, and whenever detailed, in the aligner which bears the lithography process (it consists 
of a resist spreading process, an exposure process, and a resist development process typically) for 
manufacturing a semiconductor device, it is required that resolution, imprint fidelity, etc. should be raised 
more. Thus, in order to raise resolving power and imprint fidelity, while turning the wavelength of the 
exposure light as an exposure beam short wave length and using projection optics with large numerical 
aperture, it is necessary to perform light exposure control for exposing the photoresist applied on the wafer 
as a substrate with proper light exposure with high precision. And in order to pull out the image formation 
property of the projection optics to a limitation and to perform light exposure control of a photoresist with 
high precision, it is necessary to optimize the illumination-light study system so that the lighting property of 
the illumination-light study system which illuminates the reticle as a mask with exposure light may be raised 
as much as possible. 

[0003] Adjustment for optimizing the illumination-light study system of an aligner was conventionally 
performed at the following processes. 

(b) An operator measures the lighting property for [ of an illumination-light study system ] adjustment (for 
example, illuminance unevenness). 

(b) Adjust the conditions (a location or tilt angle) of a predetermined optical member using the drive unit 
corresponding to the lighting property based on the measurement result. By correcting an optical design 
value based on experience of an operator, the amount of drives in this case is set up so that that lighting 
property may be improved as much as possible. 

[0004] (c) After the adjustment, in case the amount in which the lighting property remains is re-measured 

and the amount which remains exceeds tolerance, readjust through the drive unit. 

(d) Memorize the final condition (optimal condition) of the optical member after completion of the 

adjustment. 

And in each of two or more lighting conditions, when a condition with the optimal optical member which 
repeats the above-mentioned adjustment process for every lighting property for adjustment, and corresponds 
was memorized and lighting conditions were switched, the corresponding optical member was set as the 
respectively optimal condition. 
[0005] 

[Problem(s) to be Solved by the Invention] Adjustment for optimizing the illumination-light study system of 
the conventional aligner was performed by the operator like the above at the time of rigging of an aligner, 
and a maintenance etc. However, when an operator adjusts, there is un-arranging [ that adjustment takes 
long time amount ]. Furthermore, since it was necessary to adjust an illumination-light study system about 
two or more lighting conditions of all, respectively, the whole adjustment time amount was quite long. 
Moreover, since the time amount which optimization takes was influenced by an operator's level of skill, it 
also had a possibility that adjustment time amount might become long further for some operators. 
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[0006] Moreover, since it was necessary to take into consideration the effect of mutual accompanying 
adjustment etc. when the condition of two or more optical members in an illumination-light study system 
needs to be adjusted, the adjustment process was very complicated. Thus, it was difficult for adjustment of 
the conventional illumination-light study system to perform employment to which the permissible level of a 
predetermined lighting property is changed according to the precision prescribe of the device which required 
the complicated process of long duration, and which is sake [ a device ] for example, manufactured etc. 
Moreover, although the illuminance unevenness in a lighting property etc. may change with the cloudiness 
of the optical member in an illumination-light study system, degradation of ** material, etc. with time, it 
was difficult to correspond promptly by the conventional adjustment approach also in such a case, for 
example. 

[0007] This invention sets it as the 1st purpose to offer the aligner which can adjust an illumination-light 
study system in a short time correctly in view of this point. Furthermore, this invention sets it as the 2nd 
purpose to offer the aligner which can adjust substantially the illumination-light study system which can be 
switched to two or more lighting conditions automatically. 

[0008] Furthermore, this invention aims also at offering the efficient operation of such an aligner, and the 

highly precise device manufacture approach using the aligner. 

[0009] 

[Means for Solving the Problem] In the aligner which the 1st aligner by this invention is equipped with the 
illumination system (ILS) which illuminates the 1st body (R) with an exposure beam, and exposes the 2nd 
body (W) through the 1st body with the exposure beam The lighting condition switch system which is 
arranged in the illumination system and switches the lighting conditions of the exposure beam to any of two 
or more lighting conditions they are (10 lOe), in order two or more of the lighting conditions are alike, 
respectively, and to respond and to control the predetermined lighting property of the illumination system, 
the adjustment system (23, 24, 25) which adjusts the condition of the predetermined optical member in the 
illumination system (9, 12, 13) is prepared. 

[0010] According to this this invention, when lighting conditions are switched by the lighting condition 
switch system, according to the lighting conditions after a switch, the conditions (the location of the 
direction of an optical axis, the location of a direction perpendicular to an optical axis, tilt angle, etc.) of the 
optical member are adjusted through the adjustment system. The predetermined lighting property of an 
illumination system is automatically controllable by this in the desired condition respectively substantially 
to two or more lighting conditions. 

[001 1] In this case, an example of the predetermined lighting property for [ that ] evaluation is either [ at 
least ] the illuminance unevenness of that exposure beam, or the amount of collapse of the tele cent rucksack 
nature of that exposure beam. These are very important properties, in order to obtain high resolution on 
[ both ] the 2nd body. Furthermore, it is desirable to use the lighting property for [ the ] evaluation as the 
inclination component (two-dimensional vector quantity) and scale- factor component of the amount of 
collapse of the exposure beam at the inclination component of the illuminance unevenness of the exposure 
beam and a concavo-convex component, and a list. [ of tele cent rucksack nature ] Since the component of 
these five lighting properties can be controlled easy almost independently by driving two or more optical 
members in that illumination system mutually-independent, it is easily automatable especially. 
[0012] In addition, the amount of collapse of the tele cent rucksack nature of an exposure beam is the 
telecentricity of an illumination system (or illumination-light study system) here. Moreover, it is desirable to 
have the property measurement system (33, 46, 42) which measures that lighting property of that 
illumination system, and the operation control system (22) memorized in quest of the relation of the amount 
of drives and the variation of a lighting property of that adjustment system based on the measurement result 
of this property measurement system. When the lighting property changes with time, measure the lighting 
property, for example by the property measurement system periodically, or the relation memorized 
previously is updated by count (simulation) — or both — using together (that is, the above-mentioned relation 
being updated by count between measurement of a periodical lighting property) - By driving the adjustment 
system based on this, the lighting property can be quickly returned to a desired condition. 
[0013] Next, the 2nd aligner of this invention is equipped with the illumination system (ILS) which 
illuminates the 1st body (R) with an exposure beam, and sets it to the aligner which exposes the 2nd body 
(W) through the 1st body with the exposure beam. The property measurement system (33, 46, 42) which 
measures the predetermined lighting property of that illumination system, and the adjustment system (23, 
24, 25) which adjusts the condition of the predetermined optical member in that illumination system 
according to the measurement result of this property measurement system are prepared. 
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[0014] According to this this invention, the illumination system can be correctly adjusted in a short time by 
driving the adjustment system based on the measurement result of the property measurement system 
equipped with the space image measurement system etc., for example. In these this inventions the 
illumination system An optical integrator (9), and (a YUNIFO mizer or a homogenizer), The exposure beam 
which passed the optical integrator The irradiated plane of the 1 st body, Or when it has the 1 st optical 
system (12) led to this and a field [ **** ], and the 2nd optical system (13), the following lighting properties 
can be substantially controlled by adjusting the condition of these optical members as follows mutually- 
independent, respectively. 

[0015] Justification of the direction of an optical axis of an optical integrator (9) : The scale-factor 
component of the amount of collapse of the tele cent rucksack nature of an exposure beam, (al) Two- 
dimensional justification of a direction perpendicular to the concavo-convex component of the 
justification:illuminance unevenness which is the direction of an optical axis of the 1st optical system, and 
the optical axis of the 2nd (cl) optical system : The inclination component of the amount of collapse of the 
tele cent rucksack nature of an exposure beam (two-dimensional vector quantity), (bl) The tilt angle of the 
2nd optical system: (dl) The inclination component of the direction of illuminance unevenness which 
carries out a tilt. As for the direction which carries out a tilt, in the case of the aligner of a scan exposure 
method, it is desirable to deal with the non-scanning direction which intersects perpendicularly with a 
scanning direction. This is because the equalization effectiveness does not arise to illuminance unevenness 
being equalized in a non-scanning direction according to the storage effect, so amending by the tilt is 
desirable in a scanning direction. 

[0016] Moreover, an optical element for the illumination system to set the illumination distribution of the 
exposure beam as the local field for deformation lighting in above-mentioned this invention (55), The beam 
shaping optical system which leads the exposure beam from the exposure light source to the optical element 
(5), The condensing optical system which draws the exposure beam from the optical element (55) (7 A, 7B), 
When it has an optical integrator (9) (a YUNIFO mizer or homogenizer) for equalizing the illuminance 
distribution of the exposure beam from this condensing optical system, as for that adjustment system, it is 
desirable to adjust the condition of that condensing optical system or its beam shaping optical system. 
[0017] under the present circumstances, illuminance unevenness can be made small, after making loss of an 
exposure beam into min by adjusting that beam shaping optical system so that it may be alike, for example, 
the magnitude of the illuminance of that exposure beam and the magnitude of dispersion in the illuminance 
distribution of that exposure beam can be balanced. Moreover, the 3rd aligner of this invention is equipped 
with the illumination system (ILS) which illuminates the 1 st body (R) with an exposure beam, in the aligner 
which exposes the 2nd body (W) through the 1 st body with the exposure beam, divides the amount of 
collapse of the tele cent rucksack nature of the exposure beam in the illumination system into an inclination 
component and a scale-factor component, and measures it. Thus, by dividing into an inclination component 
and a scale-factor component, it can adjust easily almost mutually-independent. 

[0018] the [ in which the 1st body is laid in the aligner of above-mentioned this invention ] — the [ in which 
1 movable object (31) and its 2nd body are laid ] ~ 2 movable objects (39) — having — the [ its 1st / the / 
and ] — it has further the drive system (34 41) which carries out the synchronous drive of the 2 movable 
objects, and may be made to carry out scan exposure of the 2nd body with the exposure beam through the 
1 st body. In this case, it is desirable to measure the inclination component of the illuminance unevenness 
about the non-scanning direction which intersects perpendicularly with the scanning direction where that 
exposure beam is detected on the predetermined side where that 2nd body is arranged, and those 1st and 2nd 
bodies are moved in the exposure field of that exposure beam at the time of that scan exposure. When 
performing scan exposure, since the illuminance unevenness of a scanning direction is reduced by the 
equalization effectiveness, it is measuring the illuminance unevenness of a non-scanning direction, and can 
simplify a metering device. 

[0019] Moreover, the exposure beam irradiated by the mark (36A) prepared on the 1st C dynamic body in 
addition to the 1st body is detected, and you may make it measure the amount of collapse. A lighting 
property can be measured if needed by this, without depending on the pattern of the 1st body (mask etc.). 
Next, the adjustment approach of the 1st aligner of this invention In the adjustment approach of the aligner 
which irradiates the exposure beam which passes along an illumination system (ILS) at the 1st body (R), and 
exposes the 2nd body (W) with the exposure beam through the 1 st body While measuring the lighting 
property which detects the exposure beam on the predetermined side where the 2nd body is arranged, and 
contains at least one side of the telecentricity of the illumination system, and distribution of the illuminance 
in the exposure field of the exposure beam, or the quantity of light While updating the measured lighting 
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property by count until it drives the optical member within the illumination system (9, 12, 1 3) based on the 
measured lighting property and measures the lighting property next, the optical member is driven based on 
the updated lighting property. 

[0020] According to this this invention, the measurement frequency of the lighting property is lessened and 
the lighting property of the illumination system can be adjusted in a short time with high precision. The 
synchronous drive of the 2 movable objects (39) is carried out. the [ in this case, / in which that 1st body is 
laid ] - the [ in which 1 movable object (3 1) and its 2nd body are laid ] -- You may make it measure the 
lighting property using the mark (36A) which carries out scan exposure of the 2nd body with the exposure 
beam through the 1 st body, and is prepared on the 1 st C dynamic body in addition to the 1 st body. 
[0021] Furthermore, you may make it measure the inclination component of the illuminance unevenness 
about the non-scanning direction which intersects perpendicularly with the scanning direction where the 
exposure beam is detected on the predetermined side where the 2nd body is arranged, and the 1st and 2nd 
bodies are moved in the exposure field of the exposure beam at the time of the scan exposure. The 
illuminance unevenness of a scanning direction is measuring the component of a non-scanning direction, 
since it decreases by the equalization effectiveness, in the case of a scan exposure method, simplifies a 
measurement process, and can measure a required lighting property efficiently in it. 

[0022] Next, the adjustment approach of the 2nd aligner of this invention In the adjustment approach of the 
aligner which is equipped with the illumination system (ILS) which illuminates the 1st body with an 
exposure beam, and exposes the 2nd body through the 1st body with the exposure beam The condition of the 
predetermined optical member in the illumination system (9, 12, 13) is set as two or more conditions. The 
predetermined lighting property of that illumination system is measured, respectively, and it memorizes in 
quest of the relation (ratio etc.) of the amount of drives and the variation of a lighting property of that optical 
member based on this measurement result, and based on this memorized relation, in order to control that 
lighting property, that optical member is driven. According to this invention, a lighting property can be 
efficiently adjusted by asking for the relation of the amount of drives and the variation of a lighting property 
of the optical member beforehand. 

[0023] Moreover, the device manufacture approach of this invention includes the process which imprints a 
device pattern (R) on a work piece (W) using the aligner of this invention. A device with a high degree of 
integration can be mass-produced with high precision by this invention. 

[° 024 ] • , ... * i* 

[Embodiment of the Invention] Hereafter, with reference to a drawing, it explains per example ot the gestalt 

of operation of this invention. This example applies this invention to the projection aligner of the scan 

exposure mold of step - and - scanning method, or step - and - SUTITCHI method. Drawing 1 shows the 

outline configuration of the projection aligner of this example, and the ArF excimer laser (wavelength of 

193nm) is used as the exposure light source 1 in this drawing 1 . However, as the exposure light source 1, it 

is KrF excimer laser (wavelength of 248nm), and F2. Laser (wavelength of 157nm), and Kr2 Laser 

(wavelength of 146nm), the higher-harmonic generator of an YAG laser, the higher-harmonic generator of 

semiconductor laser, or a mercury lamp can be used, the beam matching unit (BMU) 2 for the exposure light 

IL (exposure beam) which consists of ultraviolet pulsed light with a wavelength [ from the exposure light 

source 1 ] of 193nm to make an optical path match in location between the bodies of an aligner - a passage 

- the adjustable beam attenuator 3 as an optical attenuator - incidence ~ carrying out . While the exposure 

control unit 21 for controlling the light exposure to the photoresist on a wafer controls an output (an 

oscillation frequency, pulse energy) in initiation of luminescence of the exposure light source 1 and a halt, 

and a list, the rate of extinction in the adjustable beam attenuator 3 is adjusted gradually or continuously. 

[0025] Incidence of the exposure light IL which passed along the adjustable beam attenuator 3 is earned out 

to the 1 st fly eye lens 6 as an optical integrator (a YUNIFO mizer or homogenizer) of the 1 st step through 

the beam shaping system 5 which consists of 1st lens system 4 A and 2nd lens system 4B which are arranged 

in accordance with a predetermined optical axis. Incidence of the exposure light IL injected from this 1st fly 

eye lens 6 is carried out to the 2nd fly eye lens 9 as an optical integrator of the 2nd step through the mirror 8 

for 1st lens system 7A and optical-path bending, and 2nd lens system 7B. The relay optical system (or it can 

also be called a beam shaping system) as condensing optical system consists of 1st lens system 7A and 2nd 

lens system 7B. . . . 

[0026] The aperture-diaphragm plate 10 is arranged by drive-motor lOe free [ rotation ] in the optical 
Fourier transform side (pupil surface of an illumination system) over the injection side of the 2nd fly eye 
lens 9, i.e., the pattern side of the reticle R for exposure, (reticle side). As shown to the aperture-diaphragm 
plate 10 in a front view at drawing 6 (b), aperture-diaphragm 10a usually circular [ for lighting ], Aperture- 
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diaphragm 10b for the zona-orbicularis lighting as an example of deformation lighting, aperture-diaphragm 
10c which consists of small opening in which the plurality (this example four pieces) for the deformation 
light sources (or the so-called oblique illumination) as another example of deformation lighting carried out 
eccentricity, And 1 Od of aperture diaphragms of the small small-circle form for coherence factors (sigma 
value) is arranged free [ a switch ]. Aperture-diaphragm 10c can also be said to be the aperture diaphragm 
for 4 pole lighting. The "lighting condition switch system" which switches lighting conditions to any of two 
or more lighting conditions (usually lighting, deformation lighting, and small sigma value lighting) they are 
consists of an aperture-diaphragm plate 10 and drive-motor lOe, and the main control system 22 which 
carries out control control of the actuation of the whole equipment sets up lighting conditions through drive- 
motor 1 Oe. 

[0027] In drawing 1 , aperture-diaphragm 10a for lighting is usually installed in the injection side of the 2nd 
fly eye lens 9, and incidence of the exposure light IL which was injected from the 2nd fly eye lens 9, and 
passed aperture-diaphragm 10a is carried out to the beam splitter 1 1 with a low reflection factor with high 
transmission. Incidence of the exposure light reflected by the beam splitter 1 1 is carried out to the integrator 
sensor 20 which consists of a photodetector through the lens 19 for condensing, and the detecting signal SI 
of the integrator sensor 20 is supplied to the exposure control unit 21 . The relation between the detecting 
signal of the integrator sensor 20 and the illuminance of the exposure light IL on the wafer W as an exposed 
substrate is measured with high precision beforehand, and is memorized by the memory in the exposure 
control unit 21. The exposure control unit 21 is constituted so that the monitor of the illuminance (average) 
and its integral value of the exposure light IL to Wafer W can be carried out more nearly indirectly than the 
detecting signal of the integrator sensor 20. 

[0028] the exposure light IL which penetrated the beam splitter 1 1 should pass the 1st lens system 12 (the 
1st optical system) and the 2nd lens system 13 (the 2nd optical system) in accordance with an optical axis 
I AX - incidence is carried out to fixed blind (fixed lighting field diaphragm) 14A and movable blind 
(movable lighting field diaphragm) 14B one by one. The latter movable blind 14B is installed in the 
conjugation side over a reticle side, and the former fixed blind 14A is arranged in the field which defocused 
only the specified quantity from the conjugation side. Fixed blind 14A centers on an optical axis AX mostly 
within the circular visual field of projection optics PL, and has opening arranged so that it may be extended 
the shape of a straight-line slit, and in the shape of a rectangle (collectively henceforth "the shape of a slit") 
to the non-scanning direction (the direction of X) which intersects perpendicularly with the scanning 
direction (the direction of Y) where Reticle R and Wafer W are moved at the time of scan exposure as 
indicated by JP,4-196513,A. That is, in this example, fixed blind 14A has the Sekiguchi section whose 
width of face about a scanning direction is immobilization at least while specifying exposure field 35P on 
the lighting field 35 on the reticle R by which the exposure light IL is irradiated, and Wafer W (projection 
field in which it is the lighting field 35 and conjugate and the pattern image in the lighting field 35 is formed 
about projection optics PL). 

[0029] Furthermore, movable blind 14B is used in order to make adjustable width of face of the lighting 
field 35 specified by fixed blind 14A in order to prevent unnecessary exposure at the time of initiation of the 
scan exposure to each shot field on Wafer W, and termination, and the scanning direction of exposure field 
35P. Movable blind 14B is used also in order to make the width of face adjustable according to the size of 
the pattern space of Reticle R about the direction (non-scanning direction) which intersected perpendicularly 
with the scanning direction SD further. The information on the numerical aperture of movable blind 14B is 
supplied also to the exposure control unit 21, and the value which multiplied the illuminance called for from 
the detecting signal of the integrator sensor 20 by the numerical aperture serves as an actual illuminance on 
Wafer W. In addition, the arrangement is not limited to drawing 1 , and fixed blind 14A and movable blind 
14B may make fixed blind 14A approach Reticle R between Reticle R and an illumination-light study 
system, for example, may be arranged. 

[0030] The exposure light IL which passed fixed blind 14A at the time of exposure illuminates the lighting 
field (lighting visual field field) 35 of the pattern side (inferior surface of tongue) of the reticle R as a mask 
through the mirror 15 for optical-path bending, the lens system 16 for image formation, the subcondensing 
lens system 17, and the main condensing lens system 18. the basis of the exposure light IL - the image of 
the circuit pattern in the lighting field of Reticle R - a both-sides tele cent - through the rucksack projection 
optics PL, it is the predetermined projection scale factor beta (beta is 1/4, and 1 / 5 grades), and exposure 
field 35P of the shape of a slit of the photoresist layer on the wafer W as a substrate (expose substrate) 
arrange in the image formation side of projection optics PL imprint. Reticle R and Wafer W are equivalent 
to the 1st body and the 2nd body of this invention, respectively, and Wafers (wafer) W are disc-like 
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substrates, such as semi-conductors (silicon etc.) or SOI (silicon on insulator). Although the projection 
optics PL as a projection system of this example is dioptric ** (refractive media), it cannot be 
overemphasized that a catadioptric system (reflective refractive media) and a reflective system can also be 
used. The Z-axis is taken in parallel with the optical axis AX of projection optics PL hereafter, a Y-axis is 
taken to a scanning direction (direction parallel to the space of drawing 1 here) in a flat surface 
perpendicular to the Z-axis, and the X-axis is taken and explained to the non-scanning direction (direction 
perpendicular to the space of drawing 1 here) which intersects perpendicularly with a scanning direction. 
[0031] In drawing 1 The exposure light source 1, the beam matching unit 2, the adjustable beam attenuator 
3, the beam shaping system 5, the 1st fly eye lens 6, 1st lens system 7 A, 2nd lens system 7B, the 2nd fly eye 
lens 9, the 1st lens system 12, the 2nd lens system 13, fixed blind 14A, The illumination-light study system 
ILS consists of movable blind 14B, an image formation lens system 16, a subcondensing lens system 17, 
and main condensing lens system 18 grade, and the illumination-light study system ILS supports the 
illumination system of this invention. And the optical axis IAX of the illumination-light study system ILS 
has agreed with the optical axis AX of projection optics PL on Reticle R. In this example, the 2nd fly eye 
lens 9, the 1st lens system 12, and the 2nd lens system 13 are equipped with the 1st drive unit 23, the 2nd 
drive unit 24, and the drive unit group 25, respectively. 

[0032] Drawing 2 is the perspective view showing the optical system from the 2nd fly eye lens 9 of drawin g 
1 to the 2nd lens system 13, and relation with the lighting field 35, and makes the direction of [ on the 2nd 
fly eye lens 9 corresponding to the scanning direction SD (the direction of Y) and the non-scanning 
direction (the direction of X) of the reticle to the lighting field 35 ] the direction of y, and x directions in this 
drawing 2 , respectively. And the 1st drive unit 23 adjusts the location of the optical-axis IAX direction (the 
direction of an arrow head Al) of the 2nd fly eye lens 9, and the 2nd drive unit 24 adjusts the location of the 
direction of the optical axis IAX of the 1st lens system 12 (the direction of an arrow head A2). The drive 
unit group 25 of drawing 1 Moreover, 3rd drive unit 25X of drawing 2 , It consists of the 4th drive unit 25 Y 
and the 5th drive unit 25T. The drive units 25X and 25Y adjust the location of x directions (the direction of 
arrow-head A3) respectively perpendicular to the optical axis IAX of the 2nd lens system 13, and the 
direction (the direction of arrow-head A4) of y. Drive unit 25T adjust the surrounding (the direction of 
arrow-head A5) tilt angle of a shaft parallel to the y-axis through the optical axis IAX of the 2nd lens system 
13. It can be said that drive unit 25T adjust the tilt angle (tilt angle) of the 2nd lens system 13 a direction 
[ corresponding to the non-scanning direction of the lighting field 35 ]. 

[0033] As drive units 23-25T, the driving gear to which the variation rate of the flange of the optical 
member for a drive is carried out, for example by driver elements, such as a micrometer of an electric type 
or a piezo-electric element, can be used. In this case, the encoders (rotary encoder etc.) (un-illustrating) in 
which the amount of displacement of the optical member in [ which can be driven ] the range (drive stroke) 
is shown, respectively are built into the drive units 23-25T. The detecting signal of these encoders is 
supplied to the drive system 26 of drawing 1 , and a drive system 26 controls the condition of the 2nd fly 
eye lens 9, the 1st lens system 12, and the 2nd lens system 13 through the drive units 23-25T based on the 
detecting signal and the drive information from the main control system 22. In addition, for example, an 
electrostatic-capacity sensor etc. may be used as an encoder the drive unit 23 - for 25T. 
[0034] Moreover, when performing deformation lighting, as shown in drawing 6 (a), it consists of these 
examples so that the 1st fly eye lens 6 can be exchanged using a swap device 56 by the quantity of light 
distribution sensing element 55 which consists of a diffracted-light study component (Diffractive Optical 
Element:DOE). The quantity of light distribution sensing element 55 is equivalent to the optical element for 
setting an exposure beam as a local field. 

[0035] In drawing 6 (a), in performing deformation lighting, zona-orbicularis-like aperture-diaphragm 10b 
(or aperture-diaphragm 10c for 4 pole lighting) is installed in the injection side of the 2nd fly eye lens 9 as 
an example, and the quantity of light distribution sensing element 55 condenses the exposure light IL 
according to the diffraction effect to the almost ring band-like field of the plane of incidence of the 2nd fly 
eye lens 9. The quantity of light distribution sensing element 55 is also contained in the illumination-light 
study system ILS. Also when the use effectiveness of the exposure light IL is raised by this and it performs 
deformation lighting by it, a high illuminance is obtained on a wafer. In this case, the drive unit 57 for 
adjusting the drive unit 62 for adjusting the location of the two-dimensional direction perpendicular to the 
drive unit 58 for adjusting the location of the optical-axis IAX direction of 2nd lens system 7B and the 
optical axis of 1st lens system 7 A and the location u of the optical-axis IAX direction of 2nd lens system 4B 
of the beam shaping system 5 is used. The drive units 57, 58, and 62 which consist of micrometers of an 
electric type etc. are also equipped with an encoder, respectively, and based on the drive information on the 
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detecting signal of these encoders, and the main control system 22 of drawing 1 , it is constituted so that a 
drive system 26 can control the condition of the 2nd lens system 57, 2nd lens system 7B, and 1st lens system 
7A through the drive units 57, 58, and 62. 

[0036] In addition, two or more quantity of light distribution sensing elements (diffracted-light study 
component) which generate the exposure light IL from which the exposure field (intensity distribution) on 
the plane of incidence of the 2nd fly eye lens 9 differs are prepared in a swap device 56. According to 
lighting conditions (one [ namely, / the intensity distribution of the exposure light IL on the pupil surface of 
an illumination-light study system, and two or more aperture diaphragms / lOa-lOd / which are arranged in 
an illumination-light way in this example ]), the quantity of light distribution sensing element to which the 
use effectiveness of the exposure light IL becomes high most is chosen, and you may make it arrange in an 
illumination-light way. It is not necessary to form the 1st fly eye lens 6 in a swap device 56 at this time. 
[0037] Adsorption maintenance of return and the reticle R is carried out on a reticle stage 31, and the reticle 
stage 31 is laid in drawing 1 so that it can move slightly to the direction of X, the direction of Y, and a hand 
of cut, while being able to carry out uniform migration in the direction of Y on the reticle base 32. The two- 
dimensional location of a reticle stage 31 (reticle R) and the angle of rotation are measured by real time with 
the laser interferometer in the drive control unit 34. Based on this measurement result and the control 
information from the main control system 22, the drive motors in the drive control unit 34 (a linear motor, 
voice coil motor, etc.) perform the scan speed of a reticle stage 31, and control of a location. Moreover, the 
evaluation mark plate 33 which consists of a glass substrate near the reticle R of a reticle stage 31 is being 
fixed. 

[0038] Drawing 3 (a) is the top view showing the reticle stage 3 1 of drawing 1 , and is set to this drawing 3 
(a). The evaluation mark plate 33 is fixed on opening of the field which adjoins a scanning direction SD (the 
direction of Y) to the reticle R of a reticle stage 31. In the field of the almost same magnitude as the lighting 
field 35 of the evaluation mark plate 33, the same 13 two-dimensional marks 36A and 36B for evaluation 
and -36M are formed as an example by almost uniform distribution. Although mark 36A for evaluation is 
the two-dimensional mark which combined mark 37Y of the Y-axis which consists of Rhine - and - tooth- 
space pattern which were arranged in the predetermined pitch in mark 37X and the direction of Y of the X- 
axis which consists of Rhine - and - tooth-space pattern which were arranged in the predetermined pitch in 
the direction of X, a box Inn box mark etc. can be used. In this example, in case the amount of collapse of 
the tele cent rucksack nature of the exposure light IL, i.e., the telecentricity of an illumination-light study 
system, is measured like the after-mentioned, a reticle stage 31 is driven in the direction of Y, the core (the 
mark 36 for evaluation G cores) of the evaluation mark plate 33 is doubled with the core (optical axis AX) 
of the lighting field 35, and the marks 36A and 36B for evaluation and the image of -36M are projected on 
a wafer side through projection optics PL. Image 36AP of mark 36A for evaluation is shown in the enlarged 
drawing of drawing 3 (b). 

[0039] Adsorption maintenance is carried out on the wafer stage 39 through the wafer holder 38 to drawing 
1 , and return and Wafer W carry out two-dimensional migration of the wafer stage 39 along the image 
surface of projection optics PL, and parallel XY flat surface at it on the wafer base 40. Namely, the wafer 
stage 39 carries out step migration in the direction of X, and the direction of Y while moving in the direction 
of Y with constant speed on the wafer base 40. Furthermore, Z leveling device which controls the 
surrounding tilt angle of the location (focal location) of the Z direction of Wafer W, the X-axis, and a Y-axis 
is also included in the wafer stage 39, and the automatic focus sensor (un-illustrating) of the multipoint for 
measuring a focal location in two or more measure points of the front face of Wafer W is also formed in it. 
The front face of Wafer W focuses to the image surface of projection optics PL by driving Z leveling device 
by the automatic focus method based on the measurement value of the automatic focus sensor at the time of 
exposure. Moreover, at the time of measurement of a lighting property, only the amount of arbitration can 
control the focal location of the top face of the wafer stage 39 by driving Z leveling device in the wafer 
stage 39 based on the measurement value of the automatic focus sensor as an example. 
[0040] The surrounding angle of rotation of the location of the direction of X of the wafer stage 39 and the 
direction of Y and the X-axis, a Y-axis, and the Z-axis is measured by real time with the laser interferometer 
in the drive control unit 41 . Based on this measurement result and the control information from the main 
control system 22, the drive motors in the drive control unit 41 (linear motor etc.) perform the scan speed of 
the wafer stage 39, and control of a location. 

[0041] The main control system 22 sends various information, such as each migration location of a reticle 
stage 31 and the wafer stage 39, passing speed, migration acceleration, and location offset, to the drive 
control units 34 and 41 . And it synchronizes with Reticle R being scanned at a rate Vr in the direction (or 
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the direction of -Y) of +Y to the lighting field 35 of the exposure light IL through a reticle stage 31 at the 
time of scan exposure. Wafer W is scanned in the direction (or the direction of +Y) of -Y to exposure field 
35P of the pattern image of Reticle R through the wafer stage 39 by rate beta-Vr (beta is a projection scale 
factor from Reticle R to Wafer W). In order to prevent the exposure to an unnecessary part at the time of 
initiation of the scan exposure in this case, and termination, the switching action of movable blind 14B is 
controlled by the drive control unit 34. 

[0042] Furthermore, the main control system 22 reads the various exposure conditions for carrying out scan 
exposure of the photoresist of each shot field on Wafer W with proper light exposure from an exposure data 
file, cooperates also with the exposure control unit 21, and performs the optimal exposure sequence. That is, 
if the command of the scan exposure initiation to one shot field on Wafer W is emitted by the exposure 
control unit 21 from the main control system 22, the exposure control unit 21 will compute the integral 
value of the illuminance (sum of the pulse energy per unit time amount) of the exposure light IL to Wafer W 
through the integrator sensor 20 while starting luminescence of the exposure light source 1 . The integral 
value is reset by 0 at the time of scan exposure initiation. And the integral value of that illuminance is 
computed serially, and according to this result, the output (an oscillation frequency and pulse energy) of the 
exposure light source 1 and the rate of extinction of the adjustable beam attenuator 3 are controlled by the 
exposure control unit 21 so that proper light exposure is obtained on each point of the photoresist on the 
wafer W after scan exposure. And luminescence of the exposure light source 1 is stopped at the time of 
termination of the scan exposure to the shot field concerned. 

[0043] Now, near the wafer holder 38 on the wafer stage 39 of this example, the illuminance unevenness 
sensor 42 which consists of a photodetector and has pinhole-like light sensing portion 42a (refer to drawing 
4 (a)) is installed, and the detecting signal S2 of the illuminance unevenness sensor 42 is also supplied to the 
exposure control unit 21. In addition, the illuminance unevenness sensor 42 may use the light sensing 
portion which consists of a line sensor or CCD prolonged along the scanning direction (the direction of Y) 
of the wafer W to exposure field 35P instead of being pinhole-like light sensing portion 42a, combining it. 
In in this case, each location of the non-scanning direction (the direction of X) which intersects 
perpendicularly with a scanning direction within exposure field 35P An illuminance may be integrated about 
a scanning direction and the illumination distribution about a non-scanning direction may be searched for 
based on this addition value. By this The illumination distribution of the non-scanning direction which 
considered the equalization effectiveness of the illuminance unevenness of the scanning direction by scan 
exposure (illuminance unevenness), i.e., the light exposure distribution about the non-scanning direction on 
the wafer after scan exposure, (light exposure unevenness) can be acquired. Therefore, it may be made to 
optimize the lighting property later mentioned using this measurement result (amendment of illuminance 
unevenness). In addition, by carrying out two-dimensional migration of the wafer stage 39 at the time of 
intensity-of-illumination measurement, even if it uses pinhole-like light sensing portion 42a, it is possible to 
search for the same illumination distribution. 

[0044] Moreover, although not illustrated, the exposure monitor which has a wrap light sensing portion is 
also installed in exposure field 35P of the whole, and the multiplier for asking for the illuminance on Wafer 
W indirectly from the detecting signal of the integrator sensor 20 is computed based on the detecting signal 
of this exposure monitor, and the detecting signal of the integrator sensor 20. Furthermore, near the wafer 
holder 38 on the wafer stage 39, the scan plate 43 which consists of a glass substrate is installed, and square 
opening pattern 43a is mostly formed into the light-shielding film on the scan plate 43. And a condenser lens 
44 and a photodetector 45 are arranged at the base side of the scan plate 43 in the wafer stage 39, the space 
image measurement system 46 consists of a scan plate 43, a condenser lens 44, and a photodetector 45, and 
the detecting signal S3 of a photodetector 45 is supplied to the operation part in the exposure control unit 21. 

[0045] In addition, the space image measurement system 46 may prepare only the part (for example, in this 
example, the scan plate 43 and a part of light transmission system [ at least ] containing a condenser lens 44 
etc. are included) in the wafer stage 39, and may arrange the remaining components (photodetector 45 etc.) 
to the exterior of the wafer stage 39. moreover, at the time of measurement of the lighting property which 
only one open ROPATAN 43 a is formed in the scan plate 43, and is mentioned later, the space image 
measurement system 46 Although opening pattern 43 a is displaced relatively to each of the image of the 
mark for evaluation of plurality (this example 13 pieces) arranged in the lighting field 35, respectively to a 
scanning direction and a non-scanning direction (the direction of Y, and the direction of X) while carrying 
out stepping of the wafer stage 39 two-dimensional At for example, the time of relative displacement with 
the image of the mark for evaluation and an opening pattern form opening pattern 43a of the two or more 
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marks for evaluation and same number in the scan plate 43, and concerning a scanning direction Package 
detection of the image of two or more of the marks for evaluation may be carried out, respectively at the 
time of relative displacement with the image of the mark for evaluation and opening pattern about a non- 
scanning direction. 

[0046] Furthermore, form in the scan plate 43 opening pattern 43 a of the mark for evaluation of plurality 
(this example five pieces), and the same number left to a non-scanning direction among two or more of the 
marks for evaluation along a non-scanning direction, and the wafer stage 39 is moved to a scanning 
direction. May detect continuously the image of each mark for evaluation arranged in a scanning direction 
for every opening pattern, and Contrary to this, open ROPATAN 43 a of the mark for evaluation and the 
same number may be formed in the scan plate 43 about a scanning direction, the wafer stage 39 may be 
moved to a non-scanning direction, and the image of the mark for evaluation may be continuously detected 
for every opening pattern. At this time, it is desirable to drive movable blind 14B according to migration of 
the wafer stage 39 so that the exposure light IL may be irradiated by a part of lighting field 35 during 
detection of two or more of those marks for evaluation. In addition, when the image and opening pattern of 
the mark for evaluation are displaced relatively about a non-scanning direction by the former approach 
When it is necessary to make a scanning direction carry out stepping of the wafer stage 39 and the image 
and opening pattern of the mark for evaluation are displaced relatively about a scanning direction by the 
latter approach In order to make a non- scanning direction carry out stepping of the wafer stage 39, it is also 
good to move the wafer stage 39 to a scanning direction and a non-scanning direction by a unit of 1 time 
combining both. 

[0047] For example, after moving opening pattern 43 a of the scan plate 43 before image 36AP in measuring 
the location of the direction of Y of image 36AP of mark 36A for evaluation as shown in drawing 3 (a) and 
(b), the wafer stage 39 is driven and image 36AP is scanned by opening pattern 43 a. In this case, the 
positional information of the wafer stage 39 is also supplied to the exposure control unit 21 through the main 
control system 22, and the location of the direction of Y of image 36AP is computed in the operation part in 
the exposure control unit 21 from the signal which differentiated the detecting signal of a photodetector 45 
about the location of the direction of X of the wafer stage 39, and was acquired. By scanning image 36AP in 
the direction of X by opening pattern 43 a similarly, the location of the direction of X of image 36AP is also 
computed, and the positional information of the direction of X of image 36AP and the direction of Y is 
supplied to the main control system 22. 

[0048] Return, the evaluation mark plate 33 on a reticle stage 31, the illuminance unevenness sensor 42 by 
the side of the wafer stage 39, and the space image measurement system 46 support drawing 1 at the 
property measurement system which measures the predetermined lighting property (optical property) of this 
invention. Next, it explains per example of the adjustment actuation for optimizing the predetermined 
lighting property of the illumination-light study system of this example. In this example, dispersion (it is 
hereafter called "illuminance unevenness") of the illuminance distribution of the lighting field 35, as a result 
the exposure light IL of exposure field 35P and the amount of collapse of the tele cent rucksack nature of the 
exposure light IL to Reticle R (it is hereafter called "lighting TERESEN") are chosen as the 1st group of the 
predetermined lighting property. This is for these two lighting properties to have biggest effect to the 
photoresist on the projection image by projection optics PL, and Wafer W. 

[0049] And the illuminance unevenness is divided into the primary component (this is called an "inclination 
component") about the location of the non-scanning direction (the direction of X) of exposure field 35P, and 
the secondary component (this is called "a concavo-convex component") about the location. That is, if an 
illuminance is made into the function PF of a location X (X), an illuminance PF (X) can be approximated as 
follows and an inclination component and a multiplier b will serve as [ a multiplier a ] a concavo-convex 
component. In this case, since the illuminance unevenness component of a scanning direction (the direction 
of Y) is equalized by scan exposure, it has not been made applicable to evaluation especially by this 
example. The concavo-convex component is also a symmetrical component (axial symmetry component) 
about an optical axis. 
[0050] 

PF(X) =a-X+b-X2+ offset - (1) 

Moreover, the lighting TERESEN is divided into the scale- factor component e corresponding to the average 
tilt angle to radial to the inclination components (shift component) c and d corresponding to the tilt angle to 
the average direction of X and the direction of Y of exposure light of in the lighting field 35 (exposure field 
35P), and the optical axis of exposure light. In this case, it is set as the location where only **delta made the 
focal location of the wafer stage 39 defocus to a focus location in this example. The location (the amount of 
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distortion) of the image of much marks for evaluation is measured by the space image measurement system 
46 in each focal location. The inclination components c and d can be calculated from the average shift 
amount of the image of the mark for evaluation to the variation of a focal location, and the scale- factor 
component e can be calculated from the average shift amount to radial [ of the image of those marks for 
evaluation ]. 

[0051] Moreover, although the condition of the 2nd fly eye lens 9, the 1st lens system 12, and the 2nd lens 
system 13 is controllable by this example through five drive units 23, 24, 25X, 25 Y, and 25T, respectively 
as explained with reference to drawing 2 , each above-mentioned lighting property can be controlled by 
these control almost independently as follows. 

Justification of the direction of an optical axis of the 2nd fly eye lens 9 by the 1st drive unit 23 : Scale- factor 
component [ of lighting TERESEN ] e [mrad], (a2) Justification of the direction of an optical axis of the 1st 
lens system 12 by the 2nd drive unit 24 : Concavo-convex component [ of illuminance unevenness ] b [%], 
(b2) Justification of the x directions of the 2nd lens system 13 by 3rd drive unit 25X : Inclination component 
[ of the direction of X of lighting TERESEN ] c [mrad], (c2) (c3) justification [ of the direction of y of the 
2nd lens system 13 by 4th drive unit 25 Y ]: — inclination component [ of the direction of Y of lighting 
TERESEN ] d [mrad], and the (d2) 5th — inclination component [ of the non-scanning direction of the tilt 
angle adjustment :illuminance unevenness of the 2nd lens system 13 by drive unit 25T ] a [%]. 
[0052] Thus, when the condition of the optical member which corresponds by one drive unit of the 
arbitration of two or more drive units 23-25T is controlled by this example, only only one kind of lighting 
property (optical property) changes substantially, and the combination of the optical member which can 
control a condition so that other lighting properties do not change is optimized. By this, it is easy control and 
automatic adjustment of a lighting property can be performed with high precision. Moreover, all 
fundamental lighting properties are automatically controllable by making the number of a drive unit into 
five pieces. However, in making the lighting property of a controlled system only for example, into lighting 
TERESEN, the number of a drive unit and arrangement change according to the lighting property of a 
controlled system, such as making the number of a drive unit into three pieces. 

[0053] In addition, also as for a possibility of affecting [ in fact ] it to other lighting properties slightly 
among five drive units, for a certain reason, it is desirable for the effect to other lighting properties to also 
take into consideration. For this reason, as first shown in the flow chart of drawing 8 , when the unit quantity 
drive of the five drive units 23, 24, 25X, 25Y, and 25T is carried out, it asks for the drive rate which shows 
which can change a lighting property. 

[0054] That is, in step 101 of drawing 8 , the aperture-diaphragm plate 10 of drawing 1 is controlled, and 
lighting conditions are usually set up for any of lighting, deformation lighting (zona-orbicularis lighting or 4 
pole lighting), or small sigma value lighting being. In the following step 102, the i-th drive unit (i=l-5) in 
five drive unit 23 - 25T is chosen. Here, the 2nd drive unit 24 corresponding to the 1st lens system 12 should 
be chosen. In the following step 103, where it set up the amount d2 of drives of the drive unit 24 in the 
center (d2=0) of the range which can be driven and the 1st lens system 12 is set as the optical zero which is 
a location on a design, measurement of illuminance unevenness and lighting TERESEN is performed. 
[0055] In order to measure the illuminance unevenness, the glass substrate with which a pattern is not 
formed instead of Reticle R on the reticle stage 31 in drawing 1 is installed, the exposure light IL is 
irradiated to the lighting field 35, exposure field 35P are scanned to a non-scanning direction (the direction 
of X) by the light sensing portion of the illuminance unevenness sensor 42, and the detecting signal S2 of 
the illuminance unevenness sensor 42 is incorporated to the exposure control unit 21 . In addition, the field in 
which the mark for evaluation in the field in which the pattern of the reticles R is not formed instead of or 
the evaluation mark plate 33 is not formed may be used. [ the glass substrate ] 

[0056] Drawing 4 (a) shows the condition of scanning exposure field 35P in the direction of X by light 
sensing portion 42a of the illuminance unevenness sensor 42, and shows the detecting signal S2 which 
curvilinear 51 A of drawing 4 (b) was made to correspond to the location of the direction of X of the 
illuminance unevenness sensor 42 (wafer stage 39) then, and was plotted. The operation part in the exposure 
control unit 21 of this example computes the value al of the inclination component a of illuminance 
unevenness, and the value bl of the concavo-convex component b by approximating curvilinear 51 A with a 
least square method to the right-hand side of (1) type. The zero of the direction of X in this case is used as 
the optical axis AX of projection optics PL. As a dotted line shows, when curvilinear 51 A is divided into 
primary straight-line 52A and secondary curvilinear 53 A, the inclination of straight-line 52A is set to al, 
and it is X2 of 2 order curvilinear 53 A. A multiplier is set to bl. 

[0057] Next, in order to measure lighting TERESEN, in drawing 1, a reticle stage 31 is driven, the core of 
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the evaluation mark plate 33 is moved to the core of the lighting field 35, the wafer stage 39 is driven, and 
the scan plate 43 of the space image measurement system 46 is moved near exposure field 35P. And drive Z 
leveling device in the wafer stage 39, and only +delta sets up the focal location of the scan plate 43 highly 
from the image surface (best focus location) over projection optics PL (delta is beforehand set up within 
limits from which predetermined resolution is obtained). The exposure of the exposure light IL is started, 
and as shown in drawing 5 (a), image 36AP of the marks 36A-36M for evaluation of the evaluation mark 
plate 33 - 36MP are projected on the wafer stage 39. In this condition, as explained with reference to 
drawing 3 (b), by scanning those image 36AP - 36MP in the direction of X, and the direction of Y by 
opening pattern 43 a of the scan plate 43, and processing the detecting signal S3 obtained by the operation 
part in the exposure control unit 21, the location of the direction of X of those image 36AP - 36MP and the 
direction of Y is computed, and a calculation result is supplied to the main control system 22. the zero in this 
case — for example, the object for central evaluation ~ it is the core of image 36GP of mark 36G. 
[0058] In addition, it is desirable to irradiate the exposure light IL only at the mark for evaluation to which 
movable blind 14B is driven according to migration of the wafer stage 39, and a part of lighting field 35 
should detect the image by the space image measurement system 46 during the above-mentioned detection 
actuation. Thus, let the images of the marks 36A-36M for evaluation which only +delta made defocus the 
scan plate 43 and were measured be the images 54A-54M on the grid of the dotted line of drawing 5 (a). In 
addition, for convenience, although the grid of a dotted line is drawn on the rectangle, a certain extent has 
the distorted thing of explanation by distortion in fact. 

[0059] Next, it is a best focus location about the focal location of the scan plate 43. - Only delta is set up 
low, asks for the location of the marks 36A and 36B for evaluation, the direction of X of image 36AP of - 
36M - 36MP, and the direction of Y using the space image measurement system 46 similarly, and is 
supplied to the main control system 22. Image 36AP in this case - 36MP, and the images 54A-54M 
measured previously are displayed on drawing 5 (a). It is a focal location to the images 54A-54M when only 
+delta makes a focal location defocus by the main control system 22 as shown in drawing 5 (a). - The two- 
dimensional amount of location gaps to the direction of X of image 36AP at the time of making only delta 
defocus - 36MP and the direction of Y is calculated as vector <VA>- <VM>. Moreover, it is computed as 
the average <V2> (= el) of a radial (the direction of R) component shows drawing 5 (b) and (c) to the 
simple average <V1> (= (cl, dl)) of these vectors, and a zero. The average (cl, dl) is the inclination 
component of lighting TERESEN, and the average el is the scale-factor component of lighting TERESEN. 
[0060] Next, in step 104, where the amount d2 of drives of the drive unit 24 is set as the edge by the side of 
+ of the range which can be driven (d2=d2max), measurement of illuminance unevenness and lighting 
TERESEN is performed. As shown in drawing 4 (c), curvilinear 51B of the detecting signal S2 of the 
illuminance unevenness sensor 42 is obtained by this, and the inclination component a2 and the concavo- 
convex component b2 of illuminance unevenness are obtained by dividing this curvilinear 5 IB into primary 
straight-line 52B and secondary curvilinear 53B. Moreover, as shown in drawing 5 (e) and (f), the 
inclination component (c2, d2) of lighting TERESEN and the scale- factor component e2 of lighting 
TERESEN are obtained from vector <VA>[ of a location gap of image 36AP of the marks 36A-36M for 
evaluation of drawing 5 (d) - 36MP ] - <VM>. 

[0061] Next, in step 105, where the amount d2 of drives of the drive unit 24 is set as the edge by the side of 
- of the range which can be driven (d2=-d2max), measurement of illuminance unevenness and lighting 
TERESEN is performed. The inclination component a3 of illuminance unevenness, the concavo-convex 
component b3 and the inclination component (c3, d3) of lighting TERESEN, and the scale-factor component 
e3 are similarly obtained by this. In addition, it is desirable to set the amount of drives of the drive unit 24 as 
four or more places, and to measure illuminance unevenness and lighting TERESEN to compute a drive rate 
still with high precision. 

[0062] In subsequent step 106, the drive rate of the drive unit 24 (the 1st lens system 12) is computed using 
the above-mentioned measurement value. As an example, they are 0, d2max, and -d2max about the amount 
d2 of drives. Since the inclination components a of the illuminance unevenness when setting up are al, a2, 
and a3, respectively, they are as follows. [ of the drive rate ka2 to the inclination component a [%/mm] ] 
ka2=[(a2-al) /d2max-(a3-al)/(2 and d2max)] / 2 - (2) 

[0063] Similarly, the drive rate kb 2 [%/mm] and kc2 [mrad/mm] to the concavo-convex component b of 
illuminance unevenness, the inclination components c and d of lighting TERESEN, and the scale-factor 
component e of lighting TERESEN, kd2 [mrad/mm], and ke2 [mrad/mm] are computed, and the storage 
section in the main control system 22 memorizes. In this case, although a dominant value is the drive rate kb 
2 to the concavo-convex component b of illuminance unevenness, it may be memorized as it is about what is 
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over predetermined level also with other values, and may be memorized as 0 about the value in 
predetermined level. 

[0064] When driving the 1st lens system 12 concretely, the drive rate ke2 to the scale- factor component e of 
lighting TERESEN which has the property of central symmetry (axial symmetry) as well as the concavo- 
convex component b may exceed predetermined level. Thus, the drive rates kai, kbi, kci, kdi, and kei (i=l-5) 
are computed by performing actuation of steps 102-106 about all the drive units 23-25T, and it memorizes 
as a parameter for every lighting conditions in the main control system 22. Then, it shifts to step 108 from 
step 107, and judges whether the drive rate was computed about all required lighting conditions, and when 
having not ended, a drive rate is computed by returning to step 101 and switching lighting conditions. In 
addition, although a drive rate shall be computed about all lighting conditions here, this example is not 
limited to this, and computes a drive rate about a part of all lighting conditions, for example, you may make 
it determine a drive rate by interpolation count etc. based on the drive rate of other lighting conditions about 
the remaining lighting conditions. 

[0065] under the present circumstances - alike - the case of the 2nd drive unit 24 (the 1st lens system 12) - 
a core ~ originally the drive rates ka2, kc2, and kd2 about an unsymmetrical component are the amounts of 
extent which can be disregarded. When these drive rates are large beyond a certain value, the 1st lens system 
12 may be carrying out eccentricity, or it may lean, such faults can be detected in this phase, and it can 
adjust based on this. 

[0066] Next, with reference to the flow chart of drawing 9 , it explains per [ which adjusts an illumination- 
light study system automatically ] example of a sequence using the drive rate for which it asked as 
mentioned above. First, in step 1 1 1 of drawing 9 , lighting conditions are chosen through the aperture- 
diaphragm plate 10 of drawing 1 , the amount of drives of all the drive units 23, 24, 25X-25T is set as a 
center valve position, and a corresponding optical member is set as an optical zero. In the following step 

112, illuminance unevenness and lighting TERESEN are measured like step 103 of drawing 8 . And in step 

1 13, in the procedure shown in drawing 4 and drawing 5 , the inclination component (primary component) a 
of illuminance unevenness and the concavo-convex component (secondary component) b are computed, and 
the inclination components (shift component) c and d of lighting TERESEN and the scale- factor component 
e are computed. When the illuminance unevenness a and b and lighting TERESEN c, d, and e judge whether 
it is the inside of tolerance in the following step 1 14, respectively and any they are has separated from 
tolerance, it shifts to step 115. The amount di (i=l-5) of drives of five drive units 23-25T for being on count, 
respectively and setting the illuminance unevenness a and b and lighting TERESEN c, d, and e to 0 is 
computed using the drive rates kai, kbi, kci, kdi, and kei (i=l-5) memorized in the main control system 22. 
In this case, what is necessary is just to solve the following simultaneous equations. 

[0067] 
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hzbx\ znenaTwmmte&mnmizm nzm 

[00 15] (a 1 ) ^7°r-f*;P • 'f Vn-W- 9 
( 9 ) <^tt:frfr<7){2Sffflg : Sfth'-ACOf Hr^l- 
U y ^tt<0«in»<0fg^^. ( b 1 ) W, 1 %mk<r>% 

3t^0^ft^il'5rSl*10 2iX7COfiraiiS : H^f 
-AcOfU-fe^h 'J y ^1t<7)^n*c7)<if4^ ( 2^tc 
^i7h;U4), ( d 1 ) W>2^t^<n^-)Vyn : FI£ 

*i*«4» 7mmfttt<Dm%giW.cr>i§ l -£i l ztt . ^ss^ 

SO^LT . ftj^*foX'li¥Wtm:W£.t%^tZ 
MZ*cr>j-jl/ht,z£-oXffi]E-t&Zbtim& L^frbT 

[0016] Ztz. ±IB<0*^^JoV^T. *<tyffi&& 

«Kc»j&r*3C:«>«>*iMiff' (55) &y&tmfrt> 
comi/£\i'-j*zz<D%&m : Hzm< v-j*m&K3zk 

(5 ) b. *Wt&*=F (55) A>£>0!Sft t'-A£jS 
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<Wt%^ (7 A. 7B) t. :«lfff^*^« 

-m-f> -e<7)p»{±. znwt'm 

[0017] d<50^tc, flRtf^co^b-Aorajgo 
$ . RV : Znmftt'-^<V?m.-ft : ficr>l£ hr>% cry*. 

co&3<7)®ftm.i±. mxe-Ax-m i ( r ) £ss 

BH-r^B?B^ ( I L S ) Zffiz.. Zcom3ct'-J±X'Z<r> 
miVifcZftLX^im (W) £fS3£^-l>SS3fci£§(c 

tfX'% h . 

c o o 1 8 ] ±iz<7)*micr>&?mmz&^x . -eoig 

l*«c*«WI«*l*«l?r»«t (3 1) fc. *<nm2m 
*#»B3i'i4S*2»r»tt<39) k£*U *<0SS1 
St>'^2^T«)^^[5lWig»t-|»lgl&* (34, 4 1)* 

ze>mimmftLxz<7)mftt'-j*x'Z<7) 

»«t» fH«RH*tt*fl;-C& 4. 

[0019]Jfc. *<0SS 1 ^T«J*±T'-5-0^ 1 AMI 
fttz&Vbtih 1-7 ( 3 6 A ) fcJRHt$*i4K3fcb*- 

\.\ Ztit,z£r>XZ<7)mi®i# {-?x<?m <nn?-s 

izm h m % .xmizm ixfMffi&*#m*& z t wx- 
s*. mz. ^wmminnmm&m&m&t, m 
bm(ils) zm&mitt'-Azm i ^ ( r > izm 

(w) srn^-rs^^s^ps^^fcv^T, 
2WftittW2timmffi±.x'*<omftt*-i*$:tiiiii t 
x. z<7)mpm<?)T\'*yh i J>'T4b. tnxxt'- 

mm&^^xtnmi&ftnx&mt (9, i 
2.i3) £ig»u -f-^sawwtt^ciwwfti-c 

k:, *<?>w%ztiteffliMim< l zm'3^xz0)%&mm 
m®-?hi>(?)X'b&. 



C0020] ttfrh*ftmz£tii2. tnmm&m 
mh&*'J?%< tx. tmimemm&zimmz 

ft&SjSl^ifttt (31) k. **>SI2Bjfl:#ttiI$*l.4 

^2"Tt!i*(39) bimmmwsLx. 

<oas i «rMttJb-c<t*>s5 i flrtwsw-twtftjh.* v-? 

(36A) *ffl^T*OHg»!B««*tHI!W-««J:5fc:Lr 

t ctV\ 

[0021] it, *<nm2Mtimw;ztihiwm± 
Tz<7)®±\L-j*zmitiLx. zcr>mftt'-j±<nmm 
^T'-e^^sn^c-e^m i axfrn 2 ttflo&^ws 

(±. naet'-A-ciBuwtcsaaW'rsRgHH* ( i ls> 
zffii. *co&ftt'-j*X'*cr>mi®iftziti,xm2®} 

^nmfecox&mt (9, i2, 13) co«fls*a^cco 
^Haw»tt<^fk»k^iJ8fli**ft-c*j< i k-c, mm 

[0023]^, *3%H^fVW ^«Jt*i£{i, 
bJOSSt^S $r ffl V ^f^W^^-y (R) ^V-^ 
h'-x (W) ±(clK^:-f-*lS**tft»<0"C*&. *^ 

k* { T'§4. 
[0024] 

i&wcomm<mmi kit. *«aB<^iat«®!B<o-w 

fcO*E8IiBt#!BtTlll»r6. Xr-yT-T 
yV ■ X**V-}y&X\$X7-vT T>Y ■ Xt-4 7f 

yVW-f*iS (»Sl93nm) 3WeWS*lTV^4. 
fit. BjlHWlfcLTtt. KrFl*Wl/-f (» 
«248nm) , F 2 «T (tI157nra) . Kr 
2 U-f (*fil4 6nm) . YAG1/- -ifOXMftfK 

9 3 nmO^MNVl-^^J: 0^4IS^ I L (S^b'- 
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/?t5^b'-A?7fy/a-7 h (BMU) 2 

&fz#>cr>m%fflW3-- -/ V 2 1 fS^iH i <nmt<n 

mte&vwik. ^.tfizm^ (ztmrnmi. /m-*x*,i- 

[0025] «i$£}m§*3 zm-yt-zmftft. i ui. ?m 
coxMizfe^xmwzti&m i wyx^4 a&i/s? 2 

yXI 4 B J; 0 & & t*- Af&l&m 5*®lXW.U%.<7)*T 
■r-i/j)^- A Vt7\s—9 (i— 7*^4 if. XJi** 
i^'-f -f If ) t IX tf>3& 1 7 7 A TA ^ y X 6 fc Ali-T 

C1^177^T^U->-X6*^ftfai$^^3te7t 
ILIi, Jfllb-yX&7A. TtSStlfOftCfffl^S^- 

8, StA'^2U-yX^7BSr^-tT^2S<7)^rr < i] 
)V ■ A yf/l/-?i:LT^277'( TA 
Attt-I.. Sj51^yX^7A&t/S?21/yX^7Bj:9 

[0 0 26] %2yy ATA WXV^'&m. EP*>S 
3CT*<7)l^?^R<?VN 0 ?-yffi {V^7>vm) iztt-f 

0«1 0**, 1 0 e^ioTdJKgft^ISa 

$ilTV^ 06 (b) tiEfflH 

mmm^-mt Lxo^mwmnmnm iob^ 
&mm<7)ft\<7)mt \^x<mm±m (.xn^vphmmm 

zmn®.*) ioc, RWhz\,^t.-u>xyT7? 
( am mco'mmcomnn*) 1 0 drogue®;: 
ies$^-cv^„ nacro 1 ocfi. 4mmpmcomn 
mthwozt h <, mam o «n 0 Rvmm* 

^jwj. RV'hammw) <7mixi}^zmwktz> m 
w&mji tfffifcz ttxnK). mw^fonrnft 

xmwikftzmi-th* 

[00 2 7] HltCfc^T, S277>fNl/yX9« 

mtamizm^mmmc^mnmK) 1 o&&m.mztLxn 

9. m2yyATAU>X9frt>MiiiZixXmn® y ) 1 
Oa£3§38L*:!gftftI Ui. ^**^<KW^ffi 
^b'-A^.7°'J 7^11 t,ZA8ii-&<, t'-A^7 'J y ? 
1 1 T'RSt$ft£HMi. AftfflOU- yX 19*^1, 
-Cftm&aj&J: 9 3rl> 4 yf/l/-^tvt 2 0 izASi 
U yxXi^-^-t>"9-2 0fi0^tlifi-tsi(iE5t$iJ 
^jl- - y h2 lt,zm&ZtiX^Z>. •fyf^-?t>' 
-9-2 Oc^ajfi-^i&fSftSfiitfc LTc^^X^WiT'^ 

i LtoMJSt nmm&i'frmmmizMimztLX , 

fSftftitflbt-X y h 2 1 1*10).* ^ y KiE* S*vO . IS 



[0028] *-A*r >J 7^11 SiSjiLfcK** I 
Ui, 3BttIAXtc»-5-C»lP>'X^12 (Sfll^ 
$) StX^21/yX^l 3 <JfS2t£¥^) £JBT*3;. 

7 J y Y ( S££PPftg!N£ 0)14 A&lfnJIftX 

yAVY ( TO&BSBJiSlfR 0 ) 1 4 B lc Alt-TI> . 
coW5-f y K l 4 B(iu-f-^;ufflt*tf Sftfftfflfc 
I£K§ii. mmcomfey'yJ y H" 1 4 Att*-e>ft&9«> 

^7*7^ y H 1 4 A{±. «i«»H!¥4 - 1 9 6 5 1 3 
#4«8K:H!*S*iT v>l> J: P LORJ^ 

*B»rt-OK«iAXSr«ar4"C»i: U jaE»3t«rt:^^^ 
^R^^xyNW^tft^ix^^aETTrfeJ (Y^(6]) hit 
3W-*^^aEfrl*I (X^|SJ) CWIXU y X«*g 
JBtt (WT, * h^T r^ij . y b^j tf3 ) CfWS 
ct o t:EBS^HlP»«:^r* . EP*>. W£.7y4 V 
F 14Ati, *WTttlt3t3tI L#\*3Jt$ix!>l^?/U 
R±^IH«JS3 5 . atf>xyNW±iO«je«W3 5 P 

[0029 ] sSt;. "5JiJ)X7^ y H 1 4 Bti. -7X;nW 
±c7)#>-3 -y hflB«^<O^BSjt<OBI»fil^&tmT«rfc: 
WSrft3t*i»±-r4/i«>fc:, 05£X5M y K l 4 Ate 
■ J:-5T«SSn4BgW««3 5 . RX/mXM®3 5 PCD 

A yK 1 4 Bti. 5S(C^^T[6jSDi:ii:3cL^fS] 
^fefrl*!) CM Lt l-f 7^R«A7- Vl^t'f X 
lZj£tX*cDW,Z^k-f$>tzMzi>1$.m2tiZ>. 
y-yA y Y 1 4 B<7)BHP*«0+f$B{iSl3tSiWi--y b 2 

-f yx^-^-fey-9-2o«oeiaiffi-f- 

W±coH^cDBp.Si:^l.. =Sr*3. Wf£.-?yA VY 1 4 A 
RXMmyyA y H l 4 Bti^coieB^'H l tcRS^Six 
I. ttf5Tli^r< . frUJfllJgX^ y H 1 4 A*, l^^- 

[0030] mit&ttzm'M.y 7 a >y i4 Azm&Ltz 

ILI±, 3tS§*f 0 tt^ffflcO 5 5-15. ISffifflO 

u yx^ 16. Si n yry-f yx^ l 7 . y 

r y-fl^yX^l 8Sr^-LT. -?X7b LX<n>\s^7 >V 

R<w->m (ts) copsBfl^ mmnmmm) 3 
m®ftco®8&^7->cr>m*mmTi>--tyY y y^^rs 
/a, \/sm)x\ p L^®ffiici£s$ 

*i^3S« (tfi»*aHK) tLT<0'7xysW±c07*hU 
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\s^7frRmfV^WtfZti?tl*$Lty<r>Wi 1 ftffcA 
tf*2ftflcfc*fJ&l/C*J9, »7XV\ ( wafer) WfiflBU if 
¥&fls (yij^yf) XliSOI (silicon on insulato 

#S»PUi, x^THJ y?^ <Jftfr$) X'hhtf. 

jtiEtrmtcisarti^NsiaEfiriai cii-ctaiai^ 

[003 1] Hlfclft^T, ICXXKl. t'-A77f 
y^i - 7 b2, ^RflSMbKH 3 . t-A*W3fi 5 . * 1 
1/^X6. Sll/yX^7A, ^2i-yx^ 
7B, 3l2:7 7--f 7Mb-yX9, f&lUyXJM 2, US 
2H/X3R13, WMJUVYXAK^WrfHV 
F 1 4 B . jg&U- yX^ 1 6 . BJn yf^V 1 

7 . sy'inyfyti/yxi 1 s^J: DiRPPB&ftR i 

ttPt5LX^&. ZLX. WMX&KI LS^WI AX 
Ji. Pf-^yUR±Tta»3t^*PL^)3K«iAXi:-&RL 

■a**. *W-C{i. l277^7-fuyX9. iipy 

X^12, XtfJB 2 yXS 1 3 C-eft-eftH 1 HgRjJ. 
-•y h-23. *2iHBH--y &ltf»J---y h 

8f2 5#*3|5i$*Vt^£. 

[0032]i2li. 010)182 7 54 7-(UyX9*> 
f)S2W >X^ 1 3 * W*?^ t . SPJHIi* 3 5 fc 60 

3 5tttt-si^7;N^?S£}rfaSD (Y^risj) . 
ffl&Etito (x*Kd) t=*tjc-$-*ss2 7 94 r-r u-vx 

LT , r-2 U^X 

9£^iiAx^ (^EnAio77i*i) coizmzmm 

U ^2IEiJli->y b2 4{ilSlU>'X^l 2<05t«|I 
AX^fi <*EpA2tf>;fr|flj) COim.imm.-fh . * 

0ioig«jj.^-y hP2 5ti. m2com3cDmmj- 

-7h25X, 51 4 cOfgjKP-— 7f2 5Y, &l/3i55c7) 
i»x- y r-2 5TJ;t5-f«JiK$*U - -y r- 2 5 X 

St/ 2 5 Yti-eix-f 2 u >-X3% l 3 OftW I AX{: 
SE^rx7f(6j (^EPA3tfO^[tn) RtfyXfa (^6PA4 
<977fa) cOfiMfciHSU IE»i--y h 2 5T«, 182 

uvxiju 3P)ftmi axzm*) ymtz'WTzmn®') 

[0033] fgftjJ-X-y h23~25Tt L"C(i, 



?) nx°<?>it¥mt<n%®M$:9r^^>o-y (xd-? 
^cD^ya-yco^mm^tim 1 oisi>&2 6 
g-j^xmm&2 6i,mm3-- v f23~25ts-^l 

1^277^7-^ U7X9. mi \sVX?k \ 2. RlfW, 
2WX3k\ 3<attSB£M»f4. 3r*5, IBftJ--y r- 
2 3-2 5Tffl£0xy3-rt LT. 0Utf»*8*-fe 

[0034] i/c, *fflCCii3SgB«l8*1f p *&fc:EI6 
(a) CSfi^C, 33ft8«5 6£JIH,vCSSl7 5>r 
TAWX^W^^^- (Diffractive Optical El 
ement : D O E ) i. 0 S 3KS^H0SKR7' 5 5 T'3^T" 

nrntx^z. 

[0035JI6 ( a ) fctSVvC . SgBB8flB*tf 
iZit. -mtLXm27y^T^ l/>X9<7)mitim< l Z$m 

^ttcoma&K) i o b (x&4wmm<mniR r ) 1 o 

iotlMl L5rS277^f7'(UyX9«AW« 

it i L*>f dffljMsjWflW) ^ix-c . smmpMfto m&iz 

X3%7 BiOTttt I AX^[6]O(ia&PS-r^»^^C0lE» 
i-7h5 8. muvX»7A«3iaftfc:SfiP3:2a5c 
*-fftK?D(aa2:ilS-tS^*b(?DfBi!jJL^.y h 6 2 „ SVb" 
- i»fR^^ 5 (Dm 2 V VXlhA B 03ttt I A X^r^Ofi 
Su ZWm-hi-ztbcDWMi-- y h 5 7 . 
l^^)7>f ?a*-:^a>£«j££;fxi>|g»i--y h 
57, 58, 6 2Ci<tft-e*lxv3-r# t ffi;c4>*U 
iii<5><OX^3-^«ajS#. &VSIl<0±lfiI»jfi2 
2 OlBIMf «(C3I^V^T . IBW^ 2 6 jl~ -y b 5 
7. 58, 6 2^^-LTm2U->-X^5 7. m2U->-X 
^7B. SO f mil^>'X^7AO«®Sr$iJfflIT'#^J:o 

[003 6] ^iri3, S5 2 7 5M7M UyX9co\Mm±. 

5 6^is(t, sffiMtft (ip*>. swei*iR»mB±"W) 

B*3CI L^^^. *«T14IB!!a*BrtCi!«S*l 
•i>1SS!COraP^ , 9 1 0 a~l 0 dtOlo) tClBt-T, © 

miLxwwmnt,z®m-th£ oizLxi> x±\ zcr> 

t#, S177^7^f \syX6Z$i&t&W.5 6lzmi% 
<Xl>£iK 

[0037] 111 t,zm 0, \>>1~7 )VK\t. l/f^/PXf 
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-v*3 l_LtCiR*«tt$*U l/f^f-y'3 1li, 

$*XT^£. Uf ^Mf-y'S 1 <7)2 
&7CW&&B, &t/0t5«(4 WMtSPxx . y h 3 4 F*J<9 

aix±wwifi2 2*»^*j«ti!«{cas"^ 

\^T, fgi&ftHJPxx-y h3 4rtc7)iBl!i^-^ (U-T* 

Wif-?-?1g3 3j&*Hj£$fc.T^£. 
[00 381 03 (a) \imi^^9>VX^— i J3 1 
Sr^fTfflHT* 0 . d<7)H3 (a) tcfcvvc, 
/WT-X3 10l^?/l^R(;:*fLT7i4:fi"ftSD (Y 
*|bJ) £BH^S«^BIjP±(=Wttv-?«3 3a«@ 
5££ix, fHiv-^«3 301JBIB9MBW3 5 l«I 

(JB'^-^^T— Wfc LT 1 3M<0 
2<%7t<?)ffl— <Df¥fIfflV— ? 36A, 36B.---36M 
rt^J££ftT^&. IFflffl-7-^3 6A«i. X^ftKFJr 
5£t-y^-T'K?"J$iX*:7-f y-7VK' X^-^s"^- 
Vj:0il>XW5D7-^3 7Xi, Y3T|tj£)9r£e??- 
T'E^ix*:^ y • Ty H • x-^— X;**— vj: 0=5r 
h YMwv-? 3 7 Yt *m*4rtoit*: 2&jt~?-?X' 
hhtK zer>Mlztf>y?x ■ 4 y ■ #y?x-?-7mi* 

I Wfl/tyh'J -j^ttOflMl*, HP*>BSBfl^m^ 

3 lSrY^riSitcffilftLT. Sfi7-?«3 3«>f"C> (IF 

3 6 G<7D4"I» &ffl9ffl&3 50>«fi& 
AX) C^-fc-tfT , HW3-?-?36A, 36B, -3 

6 Mtf>«$:S»3te¥# P L Zit LT »>X/MB| tfft»f 
4. fHiffiv-?3 6A<9«3 6AP#B3 ( b ) Oj£ 

[00 39] dltMO, *>x^W(4, ^xyNtf/1^3 
8£^LT?x^XT-^3 9±fc:!&5§fiy#$*u *x 
AXf-y'3 9li. ^xys<-x4 0±Tf5^^P 
LCO&Mt¥'ff%XY¥WlZ®r>X2<K7C&mt&. IP 
^xvNXf— ^'3 9(4, ->x»K-^4 0itY^ 
flfc-j©fiSrc&iW-Si:&fc:, x:frfa, Y^ri"i(cxf 

vT&tbth. WlZ. *yx./\Xf— i/3 9(C(4, *>x;\ 

wcoz*[S]f){aa (7*-#x{iB> , a^xwatfY 

* Wtf)® 0 <9«*WS 2r©JfflI-r-g> ZK'J> ?'tfl«i t ffl*& 
£ftTi3 0 , ^x/sW<7)«MtfOlti!tcolta*T-7 * 

7 * - # x -te >-9-cOftaO<i(cS-^V ^^-h7^-*A 

smtfmffl&JkPLetfmtz&mztLh. Amu 



3 9ff)±m<^y *-t>xQ.wz&n<7)m.t3mw-r&z 

[0040] ^XJ\X"f- i?3 9C0X^, Y^f[6]<7)(i 

a, #x>'xwl y«l ztt^ni'9^)i5]teft(4igij*ijfflix 

- •/ h 4 l n<r>v— ymt&J: -jT'J T>v^^mz^ 

mztix^z. z\<vitm&%:Rxfi.mw&2 2frbvM 

* CJ-T^E-**) (4. ^x/AX-f- >?3 9<?)^ 
flL atffiBtfXSiJffll&fTO. 

[0041 ] iftJfflS* 2 2(4, l/f?/Wf-y'3 1 . 

Pjl- . y h 3 4&tf 4 1 . * LT . jaER#Hrfc: 
(4, W^f-y3 1^LtlMl LOJPDKH 
JS3 5(cMLTl/f-^^R* { +Y^Tf6l (X(4-Y^[6]) 
(Cj$SVrT^$ixl.O(c|5l^LT, -/XAXf-y 
3 9ZitLXU^-7Jl'Rcr>;-<7->mcr>mftm&3 5 P 
(^LT-7XyNW^'-Y^[6j (X(4+Y^T(6]) tZjg&fi 
■ Vr ( / 3(4U-f-^;PR*^ r >xyNW/\iOfS^fg^) T 

34CJ:o T^I»7'5 >f V H 1 4 B^raHMf^^JP? 

[0042] M(=±$ljfflim 2 2 (4 . >7X/NW±0«->- a 
•y Y-mm^y * YV-JX h SriSlEll^ftT'^aEll^-l) 

t, ^^©jfflixx.y h 2 1 1 taaLT«ja*»*^- 

^r>'X£51ft : -r£. HP^, ^XyNW±C0 10(50^3 y h 

w$^^^m%mk<r>^t^mwk 2 2 tpbmm 

fflix^ y h 2 1 fcrlft* ^ftS fc , K**JflH - 7h2l 
(4H^i® 1 <^)»3fe*BI»WS fc^C -f 
*y^2 0£:frLT^xv\W(;:#H-.g>f&5E3£ I L^rajg 
( #{5B$^^;t 0 coyvi-x^ji^-com ) 

aaj-r s . ^o»^ffl(4**n^ia^B#(c 0 k u -t y b 

S*iT^&. -5-LT, »3tM»JL--y h2 1"Cli. 

[0043] $T. *M«'?x;uf-y39l^')x 
>^>vy3 8c7)3£^(c(4, ^«#,JUS4 0 ty*- 
/H&0»teffl4 2 a (H4 ( a ) #BS) JrWf *!HflEtf 
^-fey-9-4 2*«»B$n. S?jgtf^.-lry^4 2<0«|J±5fl 
^•S2tK3CWJ«J>--'y H2 1 (cffi*&§ilT^4. % 

a, fflgts to^y^r a 2(4f y*-;H*<o^3KSB4 2 a 

WftbOtc. Sg^(4-enfcffl^^T, Mitflt*ffl 
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®3 5Plzm-&'yx.J\W<D%&)jfa (Y^T(6]) K&o 

**ffl^TfcJ:v^ ZcoWrS, mtMA3 5 Pp*rCSHE 
*l*li:«BW4^^aEl5rm (X#|6j) CDS-ftST. jfet 

T, ^4SSfttJ:4^;frfa^Jgt*^¥^MI£ 

jE) ftffdJ:3(cL"CtJ:^. Srfc. RUimiOx 
>n*t— ^'3 9 £ 2<J:7C^K-ri) £ fcfclJ: 9. try*- 

[0 044] 4fc. TOI*T , *4* t . mftim35P<7) 

WfcPftUStit. It. ^xyN^x-^3 9±o^x 
'MtvW3 8tf)ia«fc:MU ^5XiSJ: 9$r***«4 

3 $ ix . TE&rn. 4 3 ±«ig^^ izmnEumo 

Xf- S"*3 9 4>0^*1S4 3 cOJKBHIKJfcSfc^ >X4 
4, Xtfft«l*a}»4 5*M3*u SS«4 3, mft 

i^>-x4 4 . RVftmmium 5 x *)smmm4 6 

tfm&LZtL. 3t««ltli«4 50«ajfi#S3««*»J« 

xx -y h 2 1 rt<o«aaw=«*&sitT v^* . 

[0045]^. SISHRfHftiM 6(i*tf)-gi5 ( (frU 
tf, *WC(i^3Efl)[4 3 t , $tft\syX4A*imsts 
t <0*£»>x/^-r- 
i>3 9fciWt, (3e«&aJS4 5&i:') 

Sr^xy^f— > ? 3 9cOJW5K:SBLTt>«l:V\ 4fc, 
£lffl«H-«!HU 6 t±^ac«4 3 1 oc7DBfiny^-y4 

3 a<0AA%M§*U «^4SB9H^^ff«B*ictt, 
?xy\.Xf— >*3 9 £ 2iJC7cWtcx-f -v t' 4 fc 
ftC B|p»ffiW3 5rtCil{BSn4«» (*OTT«1 3 

4 3a £^3£fr|ta&tf#7gdtE;frfi>] ( Y#ft&t/X;fr ft ) 

izzti^tiwmwstztf. mufzcDmmw&mm'? 

-7 tm$tcr>mn^?->4 3 a£76^£4 3t®« 

t<vmti®§mt . ffi&Etjmzmtz&mm-?-??) 
mt mw*?- v t otett&mmzztiz'tiznmgw 

[0046] *<3^*>W«fflV-?0)31S>. ffl 

itm%&jTisnzmti&im wmx-usm) cowmm 

Tj£5flR4 31Z&&L. ?xyv*-F-S'*3 9*;£3fefr|t(l 



iittiiSt. j£3fcfrtofc:WLTffF«fflv-?fcHft<a|lll 
oy\-^->-4 3a$r^3iE«4 3tJB&U ^IAXf- 

W^fcSl3t3tI L;Mt$ix4<J: d(C. ^iA^f-y 
3 9 eymtizfc MX^m??* v K 1 4 B£gg»rf 4.1 

»>xy^f— : J3 9Zjg&-%$\\,zX7-y\Z>y-£ 

it&i&mwh o , a«<o*ffi-e«^B5-i*i ten t tifw 

Vx./\A?--i;3 9Zjtj&^ft< l ZXf-yV>rZ-<it& 

3 9^*(fiii:^^t{: 1 B-fo#»S -12:4*5 

[0047] Wi(fH3 (a) , ( b ) iZ^-TX 0 

3 6 A<0t£ 3 6 A P CO Y3r[tiJ?){£S£lt« 
■T4«^fc:li. ffi3 6AP^|i|i:M4 3<z>GBPn 
^-V4 3 aZftmLtclk, ?73L'SAT-~J3 9&mm 
LXfflW*f-y4 3 at*®3 6 AP£jt£-$-4. ^<^» 
Rfc:, S^$iJffllx^ y h 2 1 fctt±iB!|»3R 2 2 LT 
^xyN^-^3 9<offl[afll«t>«*&$*fCi30, Kit 

»j»xx.y h 2 1 rtwaiwiB-ctt. 3t«tftaj»4 5 com 

9<r>x-ftftco&mzmLxwL 

KLXnhtltzimiir) . &3 6APcOY#[ti]OfaS£ 
g:tti^4. |3J«tC«3 6AP5:SPA7-y4 3 aTX 
3fl*H;:«t4<r£:£i:oT, «I3 6 A P <7) X^r^fir 

st»^ai$^. «3 6AP*>x2rrtL Y^r^^sawfii 

Ji±«lfflijR2 2fc:«lft$n*. 
[0048] Hi izm. *) s l/f?;Wf- ^'3 l±<7)fF 
fiiv-^^3 3, 9{fflc7)BSjKtr^-by 
t42. &tf£H®f1»4 *^<O0f^OBBBJ 

»tt < 3te^«tt) zftm-t&nmtMmzttmLx^ 

thtzfrcom&mftco-mi<z^mm-& . *«rcu, 
%<m%.v>m*mm<?>w, 1 coat lt . .^^3 5 . 

tA^TJ4JS3ieiH«3 5 PT'^SS^ I L<7)Kjg^co{i' 

izn+hnwti Lwfu-bvh'j yr&comtim m 

«30 2 o^)!SW«ptt**ft»3te¥* P L K i 4tft»*. St/ 

[0049] -f-LT, «t«)!HKO<9*a*a«35P<D 
^^SETjISI (X^ISJ) <7)(a®lcM^4 1 (Cl^^ 

rmmimi t. znGLWizmtz 2^^ 
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^filX«PF (X) t-r&t. gg«PF (X) (i 

oifi^fc'Sr*. .loruc. 7aE*i<o (Y^rrti) oameo 

PF (X) = a ■ X + b -X 2 

p> rt-c^>»3ejtwwwrx*m. xt/Yim^nm 

9<r>y*-#xQ.W*'&M{ZLWtz}iLT± 

h^*) ts9mnt«»4 6"ctHit, 7*- 

[0051] i^. *WTIiH2*#a8LTfMBLfcJ: 

5ffltf>8BHl.x--y h-2 3, 24, 25X, 25 
Y, 2 51^1X^^2 77^ T>f W^X9 , 
SS 1 P VX^ 1 2 . WXJk 1 3tf)ttJB*fcI» 

(a2 ) h2 3tJ;^277^ 7M 

yx 9 coftWtfrft ^©BiJtls = sawf- v - t vote* 

e [mrad] „ 

(b2) SS2»)J-^ y h2 4t=J:^miL->'X^l 2 

cojtew^r^fMwas : %m.tsL>c7>wti®,-&b c%] H 

(c 2 ) gS3SB»pt---y r-2 5XlZ£hm2UyXmi 
3c7)x^T|*J£7)figi)iIS : BSB^Hry^X^ffilOjfJW 
ire [mrad] „ 

( c 3 ) S4H»o^7 h2 5Yt,z£&m2V>yX&l 

3<r>y^<n&mmm. ■. ^M^fu-^ycoY^^m^L 

#d [mrad] . 

(d2 ) S55W3---y r-2 5T£J:4SS2UVXjBl 

[%] . 

2 3~ 2 5 TCOftcO&Mcr,— oc^fgHpt.- -y hlzi. ~oX 



[0050] 

-feyr- -(1) 

[0053]^, Hlgfcte 5ffl*>IB»3-- y MBTfil 

«>, flfiosawwrtttcw-t &»»t>#*r* - tarn* l 

5*0lBi!p--.y h2 3, 24, 25X, 25Y, 

2 5 t ^muMwrn Ltztz izttmtz?mi¥r&£ t'ti 
tamitmth zbtfx% hfrz^-twmi'- v 
■g>. 

[00 54] BP"*?. 08OXf 771 Ol^fcWt. H 
1 OHJPiR 0« 1 0 LTSSi«feft*a«SgW. 3E 

Wr>®td!f*G.Wti£th . iX^^f 7710 2 (CJSV^T . 
5 flcofgl!) JL ~ - y h 2 3 — 2 5Tifc0 i#g ( i = l~ 

5 ) coBBBp.- >y h ft JM^-f S . i CI X'\m 11/VX1 
1 2(c»iG-r«2#BWB»i-.5rb24*a8?Ufet 
i0i:fi>, 7710 3tfe^t. ^-c7)|Bt(jj.- 

•y h 2 4 ^ig»id 2 *W§mm$m<V*#: ( d 2 = 
0 ) LT, Si 1/ yXi 1 2 Srl5lt±»(iBT'S) 

[00 5 5 3 *caqa*trfc<3tra£lT3fc«>fc:, Hit 
tJ V^T \y 1- 7 /l-Xf- ^ 3 1 ±{Z 1^ 9 IV R c7)ftfc 0 {Z 

w-y<nmfiiztix^%:^*f7xmffi.&m.w.Lx. m 

Wm.®3 5 KKte* I L SrJHSt LT , H3t««3 5 P * 

mmtsb±y*4 2<7)&m'&¥i&&>[iii (x^> 
itx v ^ v ^mm z mm t t t «t v ^ 

[ 0 0 5 6 3 H4 ( a ) {ilS^«Ji3 5 P*HaKtr4>-fe 

2<05E3te954 2 aTX2n6|(Cje3iE'*-4#«** 
L. (24 (b) ff)«M5 lAli. -e«ofc#t=aaiJEtr4>-fe 
y-f 4 2 ( *7X.J\Xt— : J3 9 ) cox^co{4Btc*tJE 
^t7D7 hL^aift^-S2^LTV^I). *^"Jc7) 
H3t*iJfflP---y h 2 1 rtOjlft^ti, fti5 1ASr 

( i ) i&wfrmzttLxm'hgmmxmii-&zk(,z£ 
->x. m&tskcomif&ftaomai 1 > sviafl^b 

&PLCO%MAXbi-&. ftH5 1 A££MX'*-f£o 
IZ 1 <^c7)il|S 5 2 A&tf 2<Kfttt 5 3 At*H*«^, 
m.m5 2A(^)iltfa 1 fc^rO. 2^ft^5 3Ac7)X2 

[0057] ^(c, fmr-ls^ytstM-tZtiMz. H 
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3 5«*'WcSF«v-^^3 3*>4»'&Sr»l&LT» *7X 
s\At- ; J3 9 £IEi>L-CIS3ftIil!<3 5 P^ifi^c^S 

Xr-^3 9rttfOZ^'jy^ffiSrffiSljL-C, t£3E& 

Ls «3t3tl LWgBJtSr^fetT, 05 (a) C**-J: 
9 CffflT?- 7 K 3 3 SDiM JB^- 7 3 6 A~ 3 6 M<0 
m 3 6 A P ~ 3 6 M P £ <7 x/ sx-r- ^ 3 9 ±Ci£i0-t 
4. <I<7)«£\ 03 (b) £*S8LTSMHLfcJ:3 
fc. *S«4 3<7)BHCI^*->'4 3 a-C**l£><0i&3 6 

AP~3 6MP$rx^ri6j. Y^ritnfc^ELT, #4>ft.l> 

JfctiSfi-^S 3 SrH^JP^-x -y h 2 1 
■^ftifctrioT, **l6<0«3 6AP~36MP<75X 

arm. Y#fo<oti««:*aiU *aas»*±iww#2 2 

-7 3 6 G(7)i 3 6 G PCD4>'I>T"$>£ . 
[0058]^fc. r?2./\X7—i?3 9C0&mizmtX 
-tiM-fyJ y F 1 4 BSrIg«j U JJBKaJWff+CSBBB 

iifcjWSiU*. £Wi3fc7SE«4 3S: + $rtf{tT 
7*-#X$i2:Tf+«!l$ix£fWiIfflv-7 3 6A-3 6 
M<£#£0 5 ( a ) 05^a<^tt^F±O« 5 4 A— 5 4 M 

[00 5 9] ^S«4 3<7)7*-#.X{aS2:^7. 

WttMU 6{:m^Xmmm-?-^3 6A, 36B, - 
3 6Mc0<£3 6 AP—3 6MP(7)X:fr[*h Yar^ffiS 
£:£#>T. ±®J»3R2 2l:ftl&^-4. 05 (a) tfi, 
i <0*§"£<7)fi& 36AP-36MP. &tf 5lc(CtKM L tz& 
5 4A~5 4M#'f^£*VC^-£>. ±MM2 2ttJ. 
05 (a) tC^-Tidt-. 7*-*^fiIi&+^fcW 
7*-#X£tffc^<^5 4A~5 4Mte*fl/t, 7 

xm.w.i - $ turfy ittzt§&co® 3 

ka 2 = ((a2-a l)/d 2 mai -(a 
[0063] mmz LX , .BS^^onflCj^b , HtKB 
r >-<7>fft$j£# c , d . at^lffH: >-cDfg$)£ 
fteCfcf-fSlgijl'— Fkb 2 [%/mm] , kc2 
[mrad/mm] , kd2 [mrad/mm] , ke2 [mrad 
/mm] fcJttfcSfrC. ±M»*2 2PM<0lB«»fc:iE« 
£I^ffi{iBtgt?^ODflflj£#b 
tzttt&WM'- hkb 2 W*T'£>I>;#. ^(OftScOffiT 



6AP—3 6MP<7)X^|6]. Y}j iSl^^&TnW&fta 
1Vt*£^7 WI/<VA>~<VM>iLT:ft*>4. 4 
fc. .Ift£>tfK<.7 h;Pcom^¥^ffi< V 1 > ( = ( c 
1 , dl) ). RVI&MzttLXimjTfa ( Fttrfa) ^ 
<^^#^%1<V 2 > ( = e 1 ) #05 ( b ) , 
( c ) iZTjk-tX dfcJHBSfi*. ( c 1 , d 1 ) 

[0060] <JC(C Xf77"l 0 4fci3tvt\ -e^iBSft 
jl- -y h 2 4 Wiglba d 2 fcSaft^ffiHcO 

(d2 = d2, SI ) ic»5£L,fctt!irC\ mSLtsh. &V 
mW-rls-tynimZ'iro . iiitcioT, 04 (c) 
KijrfJ: -P Bgjgtfio-fey-^4 2^tBfi-f-S2<0ft 
tft 5 1 B j&*»<s>*U - 5 1 B £ 1 &0>BD» 5 2 B 

RV 2 ftttH 5 3 B (C#ft* d t T. BIKif 4><7>flS$fj£ 
»a2. awafl«*b2*«»4>*l6. 05 

(d) <7)fF«ffl-7-7 3 6A— 3 6MC73^3 6AP — 3 
6MPC0(affl-rtl.C0^7 hKVA>~<VM>H« 
05(e), ( f ) IZTjk-fX o fc. JHWf-H: >-C0iS^ 
|*(c2, d 2 ) , at/^^HrytOfg^fK^-e 2 

[006 1 ] iXC X-f y7°l 0 5t*iV^T, ^^ffit!) 

jl- .y h 2 4 oraKtt d 2 iwm^msmco-mcom^ 

(d2=-d2, ai ) t»3eLfc«!ll"C, SHKtr^. R 

ytOfSff^ ( c 3 , d3) , te*jfc#e 3#ff 6iX 
ti, lEtb^-x -y h 2 4 <7)i8i&fi£ 4flB»JEUiK:RS t 

r , m&ti hm/mm-r^y^m-t^ z t trnt l 

[006 2] %cr>'&<7)X7- yy°l 0 6C*3^T, ±IH^ 
H-aOffiSrffl^TiBiftJ-Xy b24 (JBlUyX3Rl2) 
^ffilbU- h S: Jltaj-r 4 . -Wk tT , IE»*d 2 5r 
0, d2 aai , -d2„ ai tzWMLtibtnM&ttbn 
Wfflf&ftali.. ZtlZ'tla 1 ■ a 2 . a 3T*4/Sft. 
IWW»ad«"4iil/-bka2 [%/mm] tiiX 

3-al)/(2 • d2, ai ))/2 - (2) 

[0064] 1 1/ yx^ i 2 £ie»rr 4%^- 

. HflOlfca- b fc H t < ( ) o«tt 

^rt-iSHWrHs^tWlS^e tcMt"l>IB»lU-hk 
e 2*^K;P£iSi4^tt* i J)4. d«i p(cL 
T ^ (DBS) x - >y h 2 3~2 5 TtO^tXf'yTl 
0 2-1 0 6«0Kjf^SrllflLT. IB»U- hka i . k 
bi, kci. kdi, kei ( i = 1 — 5 ) i%tHL 

x±sm&2 imzmmgift&w^x-? t Lxtm 
'<tlt. itL^-kxcomm^mz^xms^-h^M 
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[00 6 5] ^2»x- y h24 (SIP 

>x?k 1 2 ) #>L4tm&mttizm?&®®\s 

-hka2, kc2, k d 2«##tilS«T&4!SKtf> 
mX'h h . -Tix&OiBSll'- h3Wfi4«EULh(c** 

*)-?h~*l1imtfb y ) . - *5® BtM ti t> iO^flr^r £ gift 
. uWc^V^il^ff 

[00661W:. ±l5<7)i d^tT^/tlBi!JP-h 

(0— fHKog; H 9 <07a-f -v- h $r#H3 LTSWr 

■yb2 3, 24, 2 5X~2 5T^SgiJj*Sr"4>i:fi[St 
Xf"/71 1 2tC*3^T, 18mf vTl 0 3 

771 1 3Ki5VvC. H4, 05fc^tJt^llT% <??Jg 
fc£?)fl£H&& ( 1») a. IHlfljS^ ( 2#Jj!c#) 
bSfcfflU SBHrlHr (v7MS*) 
c, d, &tftt¥j£#e£*ai-f4. V&A-f-yTl 1 
4fcr*JVVt!8JKtfS>a, b&lffllfP^i'c, d, e 

3E®m&2 2Mzimi.xb&mmu-hkai i , 

kb i , kci, kdi, kei ( i = 1 —5 ) €rfflV"» 
t\ !$Jgtf£a, bS.t>'B3HJ^-Hr^c , d, eSr^ix 
•mttflLLT- 0 (C-fS fctf>0> 5 fflcORBHl.3-=. y b 2 3- 

2 5TC0lEiJl4d i ( i = 1-5) Z\0)t%> 

[0067] -a = kal d l+ka2 d2 + ka3 d 

3 + ka4 d4 + ka5 d5 

-b = kbl dl+kb2 d2 + kb3 d3+kb4 d 

4 + k b5 d 5 

-c = kcl dl+kc2 d2 + kc3 d 3 + k c4 d 
4 + k c5 d 5 

-d = kdl dl+kd2 d2 + kd3 d3 + kd4 d 
4 + kd5 d5 

-e = kel dl+ke2 d2 + ke3 d 3 + k e4 d 
4 + k e5 d 5 

fflu mmzi,i. zix£>cr>mmi/-htpxox%^i>0) 



d i ( i = 1 ~5 ) fc , W&nWPR&VrtoZtLWztt 
m$1tX'*7*-9b LT^»*2 2rt*>Rtt»fc« 

[0068] ft*Wfc, mt^- y Y24kWM3---v 

Y23 ttfMzw&ts bowafcftb tmwri'-t y<r> 

fgflS|R# e iZgrnZR®. L , ffilfti- 7 h 2 5 T SEiJj 

-X" -y h 2 5 X 3&^t=B|aEtf 4> *>«#j£# a t MWt 

u-tynmmmftciz&mzR&L. mm*-- ? h 2 5 

[0 069] at, Xf77116t8ffU. 5ffltf> 
IgiSi- >y h 2 3-2 5 T £ ^ix-m^tt $ tUzBm* 
did - 1-5) -toft. Xf771 

12,11 3t,zWfilX. !8StfS>a, bZUW^P 
■feyc, d, eSrfft+glJU Af-yXl 14^fcV^T. 

*ti$>comt) i £&ff®®Sl*llzfR£ fesjrif^fr&tcii, H 

uxf77i 1 5izwnLxtmzm?fL. zti^com. 
tfemt^wmwzm. t -» izm&nzn a tumssr ^t-t 

IfiH^ixTUSIEtbad i tca^v^tlHttJ---y b 2 3 
[0070] icoJ; d fc, *W"CJ4!HW«rtt^a«)«fc: 

TH6 (a) K^-idt. SB2 7 5'fr'f PVX9C0 
SttUHCIM&BgB^HlPRO 1 0 b {JU*4WR&IVM 
nm 1 0 c ) Sr^StT^^Srffd^OliS*- 

[007 1 ] ZCOm^Zli. m\<?)W.\7 7 4T4\/> 

X6coft*>0tHIl»f^*^ (DOE) i 0 =5rS3fet^ 
MliS (t7$7 h'ffi) W'JXA ( 4SB,BSHJffl) ^ 

^? o tmam Diobxaioc nmtiMzm tx&2 
7^ r-f uyx9fc*tr*«»3ei l«!h«««sm 

Srt-S/S«>fc:. ^ll^yX^7ASrlBK)i--y h6 2^ 

7 b ^ffltti- 7h5 8 1 i o-r *Hlrtri6ifc:SBIftT* 4 
iat3LTfc<. ^rtJ, 1/>XI7A, 7Bj:>9 : 5:&m 

>- H U ^/H/ y XSr HHe § -ti-C t'- ASfrfflSr J: 
[0072] 06 (a) <r>3f¥Jkcr>m-£. W.2VVAT 

■<]s>x9 zmmwizmtt s *^)!!I>hw*c «t -> r , 
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tobtL-cm. mtmizznmmtt bn&famtar 

%Atf^wxmwmmit±%--rz>i>K w.2?v4 

[0073] 2 ) mmmm^ u r#*# B&Rt* 
4>«*-ftL«rv^, %f$mnm iob, ioc tca^ 

mco-k£zmtx^^zti,z$mLx^&. lot. 
mvx^b. 

[00 74 3 ZZX\ 01 0«Xf77'l 2 1K*J^ 

t. nio#srt\ w-hmmmwizmzix . msnm 

S. <X<r>X7-y71 2 2lZf$\,^X. 06 (a) lZmi-£ 

tsseu f&2y 54 isyX9coMim<?)W\nwi*) 
z$£Bm*m<r>mn&*) i o bxm o cWRj&t*. 

&<7)Xry7°l 2 3fci3WC, HlO^JStf^-fey-9-4 

imm-^asx/maoL^b^ntti-tt. znmz, mm 
ftmn4t7g^fo<vmmizmi®%®®<om&ts 

LT , liMtt»a««F«EeeB»iH^^«^(ctt, rnr^W 

<0*£KUt . *<0<!jSfj£# a **HFS«fflrt tCJR± & X 0 
(C. ^lU^X^7AS:^«itSiSftBBrt-fX*-[6], Y 

[ o o 7 5 ] * lt . z<7)*mxmms bnwa&ftb 
zmmnmt^h. w-h. x^-,x\2a\,zw^x. 

Xh^t^UiXT-yXl 2 5izWnLX. W,2VyX 
3k 7 B Sr^m^rrSjCF^XT 1 y r«*»t^7 h $-£T#> 
Wf^ri 23Kii-?T. Bt^MKtf^^lHlfl^b 

ffijES&fm. Xf7ri24 T'DfldS^ b #fflF§&Hl*J 
fclRiS^T^TSfH.. 

[0076]Xf77'124 TDaCiJ&fr b tfH^Hfl 
(ORiofctft. Xf77-1 261ZWKLX. 116 (a) 

<o\z-j>!m%5<r>isyxm4 Bz%mij\inizffifemt 

liXmiZ&fcZitX (jtSLT) . l/yX^4B<?)M 
a ({iHu) THlc0.rajgif<b -*>--?• 4 2£^'?->i& 

^S20r-^?iJ5rlS3^JSPi- y b2 ltcffiO&fri: 
4 y-fXU 2 0<7)#mjfI-!|S 1 fcflfefc 



[0077 ] &<7)X-r y7'l 27t:iJ3tvC, 1^>-Xi&4 

B^MiuCij^t. ^jii<i^-s2 (mm) v>&±m 
tm>mb<?m#A. i p^saKtr lt##>, 4 yf 
yv— ^-^y>r 20 o^mtam^s 1 i. *)imx<mm<n 
±zz (¥&>m) 1 p*mmmzi£sbz>. zix.mx 

©JfflUL- . y h 2 1 rttf>jStJWWi. 1/^4 B^S-ftS 

uizftLxmrntstm 1 pcoi^ < i/A ip), jkx/ 
mmmmi pt»«ft»t«. woft^ic. &su 

te«LT«iBSaKl PiaWBKO^OifiR (1/AI 
P ) £Tn -/ h LfcHsWa 7 T* 5 . 
[0078] 127 tfc^T, ««{iU>-X^4 B<7){aa 

u. fsmtiAssaKi p, Rtmmtft,*. 1 

(l/AIP) -eLT. *tg5 9^BH3jgi 

p. tt&6 ommth^im. (i/aipj £§*lt 
£><7>>£ii: (l/AIP) tf'b%<%-oxmmttti>tfiz& 

KKtzburb* immmtmmtsbt tt v v- v*? 
jWHFSfiT l 1 mm u 2 ) y±b% *) . 4>^a» 

6 1 ( u 1 SuSu 2 ) 2-. U^XI4 BiOlS^nrtl^ 
Hi: LT*tf>T±$iJffll^ 2 2 

[0079]<X^f 77128CBV^, iai^±©J 
fflI^2 2(iK[«!l^2 6$r^-LTll6 ( a ) (?>VyX3k4 
BOfiSu ^Rje^Tfi6«SH6 1 niZWCfcth . CtltCj: 
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